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Abstract 
 
Aim: To investigate the impact of patients’ race on influencing whether clinicians perceive 
benefit from orthognathic surgery in patients with class III skeletal bases.  
Design: Cross-sectional study.  
Methods: This study involved sending questionnaires to all consultant orthodontists and 
maxillofacial surgeons in the United Kingdom using the mailing list from British Orthodontic 
Society and British Association of Oral and Maxillofacial Surgeons. The questionnaires were 
sent using a sequential mixed mode approach for the Consultant Orthodontists group and a 
web-based mode for the Oral and Maxillofacial Surgeons group. The questionnaire used 
silhouettes of two patients (one Caucasian and one Chinese). These were manipulated to 
produce a class III skeletal discrepancy. The maxillary position of the selected normal profile 
silhouettes was manipulated posteriorly from the normal position, in 2 mm increments up to 
10 mm. The mandibular position, of the selected normal profile silhouettes, was manipulated 
anteriorly from the normal position, in 2 mm increments up to 10 mm. A total of 26 
silhouettes were constructed. The participants were asked to spend no more than 30 
seconds looking at the silhouettes and answer the following questions: “Do you think that a 
patient, presenting with this profile, would benefit from orthognathic surgery?” and “How do 
you rate the level of attractiveness of the profile?”  
Results: There was no statistically significant difference between the perception for the 
benefit from orthognathic surgery between Consultant Orthodontists’ and Consultant Oral 
and Maxillofacial Surgeons (p=0.176). The silhouette’s race was featured as highly 
statistically significant factor predicting the perceived benefit from surgery (p<0.001). The 
odds of clinicians perceiving a benefit from surgery and therefore recommending an 
orthognathic surgery approach increased 2.87 times for a Chinese silhouette compared to a 
Caucasian silhouette with class III skeletal bases. Consultant’s years of experience, gender, 
specialty, the number of orthognathic patients treated per year, and the consideration of the 
importance of an attractive appearance were not statistically significant factors predicting 
perceived benefits from orthognathic surgery. 
Conclusion: Clinicians perceived benefit from orthognathic surgery in patients with class III 
skeletal bases was significantly higher for Chinese silhouettes than for Caucasian 
silhouettes with the same degree of manipulation. The Caucasian ideal profile was 
considered more attractive than the Chinese ideal profile. 
 
Keywords: orthognathic surgery, class III skeletal profile, Chinese, Caucasian, facial 
attractiveness, clinical decision making 
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1 Introduction 
A dental malocclusion can compromise attractiveness and, therefore, demand for 
treatment is common. Studies done by Shaw et al.(1), Kerosuo et al. (2), Birkeland et 
al. (3) and Kiekens et al. (4) suggest that orthodontic patients and their parents believe 
that having well-aligned teeth is an important factor in facial appearance. According 
to these researchers, patients and their parents believe that orthodontic treatment 
can contribute to popularity and social success by improving dental, dentofacial and 
facial aesthetics. 
 
Orthodontic treatment is limited by the boundaries of the dentoalveolar bone, the 
underlying jaw discrepancy, the soft tissues and the growth potential(5). The extent to 
which the lower incisors can be moved relative to the dentoalveolar bone is very 
critical. According to Mills, the lower incisors lie within a narrow zone of stability and 
he advises that this position should not be altered(6). This is due to the fact that any 
attempts to move incisors beyond the zone of stability would be highly unstable and 
may cause gingival recession and more potential for relapse. In addition, the result 
would not be aesthetically pleasing if the lower incisors were advanced significantly.  
 
Dental malocclusions can be managed through the use of fixed appliance treatment 
or growth modification(7). Patients suffering from significant skeletal disharmony or 
dental problems, which are not easily treated due to a lack of growth, are often 
offered a combined surgical and orthodontic approach(7). Orthognathic surgery is an 
alternative treatment option for patients presenting with dentofacial deformities(7). It 
has a significant impact on facial aesthetics. Therefore, in order to plan surgery for 
these patients, it is necessary for orthodontists and oral and maxillofacial surgeons 
to share the same clinical guidelines with mutually agreed clinical criteria, which 
enable them to plan the most appropriate treatment for their patients(8).  
 
The planning of orthodontic treatment should follow a detailed and accurate 
assessment of facial measurements and a patient’s needs(7). Ideally, there should be 
a uniform, universally accepted method of measuring these components. However, it 
can be easier to describe what is abnormal rather than to define the characteristics 
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that make a face acceptable or unattractive. This problem can present more 
challenges to clinicians when considering different racial groups. 
 
Certain types of malocclusions, especially class III skeletal pattern, often present 
with unfavourable growth patterns which contributes to the facial and skeletal 
discrepancy(9). The prevalence of this type of malocclusion in White populations is 
lower than 5 per cent but it rises to as high as 12 per cent in Chinese and Japanese 
populations(10). A combination of retruded maxillary position and prognathic mandible 
(9) is the most common cause for this type of malocclusion. The preferred treatment 
choice for this group of patients often involves a combination of orthodontic and 
orthognathic surgery. It is uncertain whether the clinicians appreciate the differences 
in patients’ racial norms or whether they treat all patients according to the Caucasian 
facial norms. At what point does a class III skeletal discrepancy become unattractive 
and is this the same for Caucasian and Chinese patient groups? Moreover, do 
orthodontists and oral and maxillofacial surgeons view this the same way? There are 
generally agreed norms for facial proportions in different forms including 
cephalometric analyses, anthropometric measurement and even artistic views(11) (12).  
However, it is uncertain whether clinicians’ use particular criteria or whether they 
plan solely on intuition and personal preference(11) (12).  
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2 Literature Review 
2.1 Orthodontic Treatment  
“Orthodontics is the branch of dentistry concerned with growth of the face, 
development of the occlusion and the prevention and correction of the occlusal 
anomalies” (13). An important objective of orthodontic treatment is to improve facial 
aesthetics by achieving an ideal occlusion. An ideal occlusion cannot be achieved if 
there is a significant underlying skeletal discrepancy.  
 
There were a various attempts in the literature to define the ideal occlusion. Edward 
Angle who is the father of modern orthodontics was the first to develop the concept 
of occlusion(14). Angle classification had four classes: normal occlusion, Class I 
malocclusion, Class II malocclusion and Class III malocclusion. This was based on 
the molar relationship of the dentition(14). In normal occlusion, the buccal cusp of the 
upper first molar should occlude in the lower groove of the lower first molar. Angle 
believed that if the molar relationship was correct and the teeth were arranged on a 
smooth curving line of occlusion then a normal occlusion would result. This 
statement is correct as long as there is no discrepancy in the ratio between the size 
of the teeth and the size of the jaws.  
 
A Class I malocclusion is defined as a normal molar relationship but where teeth are 
rotated or are malpositioned leading to an incorrect line of occlusion(14). Class II 
malocclusion occurs when the lower first molar occludes distally to the upper first 
molar. Class III malocclusion presents when the lower first molar occludes mesially 
to upper the first molar(14). The drawbacks of Angle’s classification are that if the 
molars are absent, the classification cannot be applied nor does it describe the 
skeletal relationship present. 
 
Andrews described the requirements of an ideal static occlusion after observing 120 
study casts of patients with normal occlusions(15). Andrews’ sample comprised non-
orthodontically treated subjects. He found that in order to have an ideal occlusion, six 
| Chapter 2 – Literature Review 4 
 
 
characteristics should be present in the occlusion. He called them the six keys of 
normal occlusion(15).  
These keys were:  
- Correct molar relationship 
- Correct crown angulation 
- Correct crown inclination 
- No rotation 
- Tight contact points  
- Flat curve of Spee 
These six keys are currently used to assist orthodontists to achieve the correct tooth 
position from an aesthetic and dental health point of view(15). However, patients are 
more concerned with their incisors rather than the buccal segment relationship and 
so the most widely used classification system is actually an incisor classification(13). 
This is based on the relationship between the lower incisors edges and the cingulum 
plateau of the upper central incisors. The classification is divided into Class I, Class 
II division 1, Class II division 2 and Class III incisal relationships(16). A Class I incisor 
relationship is present when the lower incisors occlude on or below the cingulum 
plateau of upper incisors and it is present in 60% of UK population(16) (17). A Class II 
is defined as the lower incisors occlude palatally to cingulum plateau of the upper 
incisors. If the upper incisors are proclined or at an average inclination then this is 
classified as a Class II division 1 incisor relationship; and if the upper incisors are 
retroclined then this is classified as a Class II division 2 incisors relationship(16). The 
prevalence of Class II division 1 and 2 in the UK population is 20% and 18% 
respectively(17). 
 
Orthodontists have found that even when an excellent occlusion is obtained during 
orthodontic treatment; the results of treatment are unsatisfactory for certain group of 
patients such as these with an underlying skeletal discrepancy(7). Thus a skeletal 
classification system of malocclusion has been developed which often corresponds 
to the dental classification system but they must be assessed separately(13). 
 
Skeletal classifications are based on a profile view and are divided into class I, class 
II and class III skeletal patterns (13). A class I skeletal relationship is considered to 
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represent the ideal skeletal relationship and is sometimes called the orthognathic 
profile. A class II skeletal discrepancy is the result of a discrepancy between the 
maxilla and the mandible and leads to a convex facial profile. This is usually due to a 
large  (prognathic) maxilla or a small (retrognathic) mandible. On the other hand, 
class III skeletal discrepancy can be the result of a discrepancy between the maxilla 
and the mandible leading to a concave facial profile. This is usually due to a 
prognathic mandible or a retrognathic maxilla(13).  
 
In orthodontics, there are three options for treating a malocclusion with an underlying 
skeletal problem. The first option is growth modification, which is the use of a 
functional appliance in adolescents to enhance or retard the growth of the jaws with 
the aim of correcting the underlying skeletal discrepancy(18). During facial growth, the 
jaw relationship is altered such that there is an average tendency for the mandible to 
grow more than the maxilla(7).  This differential growth improves class II but worsens 
class III skeletal discrepancies. In class III cases, the mandible continues to grow 
more and for longer than in class I malocclusion(9). Therefore, class II skeletal 
discrepancy is easier to modify in adolescents using functional appliances than is a 
class III skeletal discrepancy(18). 
 
The second treatment option is orthodontic camouflage. This option involves the 
movement of teeth relative to their supporting bone in order to compensate for the 
underlying skeletal discrepancy(19). However, the more severe the skeletal deformity 
is the more difficult it is for orthodontists to manage the case using orthodontic 
camouflage. For example, if you try to camouflage a moderate class III skeletal 
discrepancy with orthodontic treatment alone, the patient may end up with a more 
prominent chin and consequently will not be satisfied with the outcome of 
treatment(19). Thus there is a limitation to what can be achieved using orthodontic 
treatment alone(19) and therefore some patients may benefit from combined 
orthodontic/orthognathic treatment, which is the third treatment option.  
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2.1.1 Limitations of Orthodontic Treatment 
Deformities of the jaw or mid-face result in disharmony in the positions of the 
dentition and the overall occlusion. This can result in aesthetic and functional 
concerns for the patient. An element of “dento-alveolar compensation” can occur; 
when the dentition varies from a normal position as a means of achieving a more 
functional occlusal contact; attempting to counteract and mask the underlying 
skeletal discrepancy. As the underlying pattern of bony growth and development is 
the cause for the mal-alignment of teeth, alignment of the teeth alone is often not 
sufficient to improve aesthetics of function for these patients; the underlying skeletal 
pattern needs addressing. As discussed earlier, there is a generally agreed concept 
that it is easier to camouflage a mild to moderate class II skeletal discrepancy than a 
mild to moderate class III skeletal pattern. There have been attempts in the 
orthodontic literature to describe the limits for camouflage orthodontic treatment. It 
has been found that attempts at camouflage in severe cases results in an increase in 
treatment time and compromise in the final outcome(5). 
 
Orthodontic treatment is limited in its application to achieve orthopaedic changes(19). 
The ability to use orthodontic appliances alone as means to correct and underlying 
skeletal discrepancy is an area of much controversy(20). The use of functional 
orthodontic appliances can manipulate the environmental factors associated with 
growth and therefore can potentially influence more favourable growth to correct 
underlying skeletal malocclusions. Taking class II skeletal relationships as an 
example, the main aim of functional appliances here would be to induce growth 
modification and lengthening of the mandible by stimulating growth at the condylar 
cartilage(21). How successful the functional appliances are would be dependent on 
the direction and amount of growth at the condylar cartilage, which in turn depends 
on the growth rate of patient. In addition, treatment aimed at enhancing or restraining 
maxillary growth is more efficient when tackled before the adolescent growth 
spurt(22). Because of this, functional appliances are regularly used in this manner as 
a means of influencing growth and eliminating the future benefit from surgery. 
However, despite the long history of functional appliance usage in orthodontics, 
there continues to be much debate relating to their use, mode of action and 
effectiveness. There is no doubt that functional appliances can rapidly correct certain 
| Chapter 2 – Literature Review 7 
 
 
malocclusions, however this change is thought to be mainly dento-alveolar(23). As a 
result, relapse, adverse growth or inappropriate referral timing can mean that 
patients are unsuitable for functional appliance treatment, and so management of the 
underlying skeletal malocclusion or dentofacial deformity is only made possible 
through orthognathic surgery (24). 
 
The ‘three envelopes of discrepancy’ refers to clinical guidelines, proposed by Proffit 
et al.(27), to help define the limits of camouflage, growth modification and combined 
surgical treatment. It describes the ideal position of the upper incisors, shown by the 
origin of the x and y axes . This identifies the amount of change that can be achieved 
with: orthodontic tooth movement alone (the inner envelope of each diagram); 
orthodontic tooth movement combined with growth modification (the middle 
envelope); and orthognathic surgery (the outer envelope). It should be noted that the 
possibilities for movement in each direction are not symmetrical. There is more 
potential for the teeth to be moved forwards than backwards and more potential for 
extrusion than intrusion. Since the growth of the maxilla cannot be modified 
independently of the mandible, the growth modification envelope for the two jaws is 
the same. There is only a 10 mm potential for moving the maxilla forwards. Surgery 
to move the mandible backwards has more potential than surgery to advance it by 
25 mm and 12 mm respectively. 
 
The influence of soft tissues on the decision about whether to undertake orthodontic 
treatment or orthognathic surgery is not reflected in Proffit’s envelope of discrepancy. 
The soft tissues include the periodontal ligaments, lips, cheeks, tongue, muscles etc. 
The effect of soft tissue can be limiting(5). Patients who would require a large 
mandibular set back as part of their orthognathic surgery should be aware that this 
may result in redundant soft tissue forming folds at the lower margins of the mouth 
and in the submental area(27). In some cases another surgery may be required to 
remove the excess soft tissue. In addition, large maxillary advancement surgery can 
result in widening of the alar bases and upturning of the nasal tip. This might render 
some patients from having this procedure(27). 
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2.1.2 Orthognathic Surgery 
“Orthognathic surgery is that branch of surgery concerned with the correction of 
dentofacial deformity, and particularly with disproportions of the tooth-bearing 
segments of the jaws and associated facial skeleton”(13). It is a branch of surgery, 
which was first introduced by Vilray Blair, a famous plastic surgeon who worked with 
Edward Angle at the beginning of the last century. The aim of orthognathic surgery is 
to correct the functional and aesthetic consequences of severe facial deformities. 
However, research has shown that most patients who request orthognathic 
treatment are concerned about their facial appearance and not their poor masticatory 
functions(28-30). The majority of patients requesting orthodontic treatment suffer from 
mild to moderate facial deformity(31). It was found that this group of patients suffers 
more psychological distress than those who have severe facial deformities(31) (32). 
This is due to the fact that people’s reactions towards milder deformities are 
inconsistent compared to their reactions to severe facial deformities, which tend to 
provoke more predictable responses(31) (32). 
 
Orthognathic surgery plays a vital role in the correction of malocclusions and 
dentofacial deformities, which lie outside the realms of management with orthodontic 
treatment alone. Although orthognathic surgical techniques have been described in 
the literature since the late nineteenth and early twentieth centuries(33) (34), advances 
in osteosynthesis materials(35), orthodontic appliances and anaesthesia, in addition 
to an improved understanding of case assessment and selection(36), have 
contributed to a reduction in surgical morbidity(37) and the subsequent increasing 
practice of combined orthodontic and surgical intervention over the past four 
decades. Orthognathic surgery has therefore assumed an important role in modern 
day orthodontics, as a means of providing functional and aesthetic changes to 
patients who would have otherwise had a poor or compromised outcome(38). 
However as a result of its increasing popularity and availability, there has been a 
subsequent increasing interest in exploring the impact it has on patient satisfaction 
with the surgical outcome(39).  Therefore, this section will discuss the surgical 
techniques and the patients’ satisfaction of orthognathic surgery. 
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Surgical techniques 
Since orthognathic surgery has become a routine procedure for the correction of 
certain malocclusions alongside adjunctive fixed orthodontics therapy, surgical 
techniques have developed rapidly. The most common surgical procedures for the 
correction of skeletal malocclusions can be categorised as maxillary procedures or 
mandibular procedures; which can be carried out individually or combined together if 
the underlying malocclusion warrants it. However categorisation of the variety of 
procedures which are used is much more complex. The maxilla can be advanced, 
expanded, impacted or set-down; movements which can be symmetrical and 
straight, or asymmetric and rotational. In addition this movements can involve the 
entire maxilla or may be sectional. Furthermore, the mandible can be also advanced 
or set back, in a symmetric or asymmetric manner (40).  
 
Additional orthognathic procedures are often also carried out to enhance and 
improve the aesthetics or function, for example, distraction osteogenesis, 
advancement or reduction genioplasty, rhinoplasy, temporomandibular joint 
procedures and soft tissue augmentation(41), Further developments in techniques 
and materials mean this list is constantly expanding, as too are the cases and 
patients to whom this type of surgery becomes appropriate. As such, combined 
surgical management is becoming an area of increasing interest in orthodontic 
research. 
Orthognathic Patients 
The most important element when treating orthognathic patients is the joint clinic 
planning process. A joint clinic consists of an orthodontist, oral and maxillofacial 
surgeon and sometimes a restorative dentist or psychologist. The aims of the joint 
clinic are to communicate with the patient, discuss the feasibility of addressing the 
patient’s chief complaint, agree on a provisional surgical plan and discuss the risks 
of orthognathic surgery(18). 
 
Communication between patients and health care professionals throughout the 
course of treatment has been highlighted as a factor, which can influence how 
satisfied a patient feels with their outcome and their overall experience. This 
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includes, not only the quality or quantity of information, which is portrayed to the 
patient but also the manner in which the information is delivered(42).  Auerbach et 
al(43) found that postoperative satisfaction with surgical treatment may not 
necessarily correlate with the surgeon’s skill, but with a failure in communication 
between surgeon and patient. Likewise, Olsen and Laskin(44) found that 
dissatisfaction with surgery was related to an inadequate explanation of procedures 
rather than the actual outcome itself. Characteristics such as friendliness, 
consideration, concern, sincerity and patience from a health care professional can 
influence the patient’s satisfaction following an encounter. Conversely, 
characteristics such as abruptness or disrespect from a health care professional can 
result in the patient feeling worried, hurt or even insulted, reflecting negatively in the 
satisfaction(45).  
 
Females are more likely to seek orthognathic surgery than males and previous 
studies of orthognathic patients approximately two third of the patients were 
females.(46-49). This is not a surprising finding because research has shown that 
women in general utilise medical services more than males(50). Women with a class 
III skeletal profile are twice as likely as men to seek a professional opinion about 
orthognathic surgery (51).  
2.1.3 Class III Skeletal Pattern 
A Class III incisal relationship refers to when the lower incisal edge occludes in front 
of the cingulum of the upper incisors(16). Moreover, a class III skeletal relationship is 
the result of a discrepancy between the maxilla and mandible leading to a concave 
profile(10). This can be due to a retruded maxillary position, prognathic mandible or a 
combination of both. 
 
The prevalence of this type of malocclusion in Caucasian populations is lower than 5 
per cent, but rises to as high as 12 per cent in Chinese and Japanese 
populations(10). A relatively high prevalence of class III skeletal discrepancy has also 
been observed in Mediterranean and Middle Eastern populations(52). In the United 
Kingdom, Foster and Day(53) screened British girls aged 11 to 12 years and found 
| Chapter 2 – Literature Review 11 
 
 
that 1.6 per cent had Class III malocclusion. Another study of the same age group, 
Haynes(54) reported a prevalence of 3.2 % with Class III malocclusion.  
 
Guyer et al.(55), found that 55% of class III skeletal discrepancies involved maxillary 
deficiency as one of the components of the discrepancy and mandibular prognathism 
in 45% of cases. In addition, 59% of class III discrepancies are found to have 
reduced or neutral lower facial heights, whereas 41% had increased lower facial 
heights. Other clinical features include increased scleral show; malar flattening; 
malar hypoplasia in mid-face deficiency; paranasal hallowing; an obtuse nasiolabial 
angle; a reduced view of incisors when smiling and increased buccal corridor dark 
space(56).  
 
Correction of a Class III malocclusion by means of orthopaedic/orthodontic treatment 
in growing subjects can be achieved in about 70% of patients(57-59). Prognostic 
evaluation of treatment outcomes, based on pre-treatment craniofacial features, has 
been attempted for patients with a Class III malocclusion. This research(58) (59) shows 
that a quarter of patients with a Class III malocclusion who have undergone 
orthopaedic/orthodontic treatment, benefit from surgery once their active growth is 
complete to correct their underlying dento-skeletal discrepancy, as they have not 
responded satisfactorily to the orthopaedic/orthodontic therapy. 
 
Orthodontic Class III camouflage is achievable in patients with reverse overjet due to 
proclined lower incisors or retroclined upper incisors with more maxillary deficiency 
than mandibular prognathism. The patients should have average to short lower face 
height. However, these features are rarely seen in patients of European decent and 
occur more frequently in Asians. 
2.2 Racial Anatomical Facial Variation 
2.2.1 Race versus Ethnicity 
The terms race and ethnicity are often used interchangeably; however, they are not 
synonyms. Race is defined in the Oxford dictionary(60) as “a classification system 
used to categorise humans into large and distinct population or groups by 
anatomical, cultural, ethnic, genetic, geographical, historical, linguistic, religion, 
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and/or social affiliation”. This term was first used to refer to speakers of a common 
language and indicate national affiliations. In the late 17th century, it was used to 
relate to observable physical traits, which led to social hierarchies favouring one 
racial group over another. In the 19th century, race was often used to denote 
genetically differentiated human populations, and therefore tends towards 
distinguishing people by phenotype(61). 
 
Ethnicity is defined in the Oxford dictionary (60) as “the fact or state of belonging to a 
social group that has a common national or cultural tradition”. It is a socially defined 
category for people who identify themselves with each other based on common 
ancestral, social, cultural or national experience. Ethnicity, therefore, differs from 
race, in the way it is defined. Membership of an ethnic group tends to be defined by 
a shared cultural heritage, ancestry, myth of origin or even ideology. It also exhibits 
itself through symbolic systems such as religion, mythology and ritual cuisine, dress 
style and physical appearance (62).  
2.2.2 Racial facial norms 
Mr. Broadbent(63) first introduced cephalometric measurements for orthodontics, in 
1931. Since then, numerous cephalometric norms or cephalometric standards have 
been derived for various ethnic populations. Cephalometrics are used for a range of 
purposes, extending from the study of facial form to the development of 
cephalometric norms for diagnosis, management and outcome assessment(7).   
 
There are three main areas of deficiencies in cephalometric measurements. First of 
all, cephalometric are two dimensional representation of three dimensional 
structures. This affected the measurement in the transverse relationship. Attempts 
were made to overcome this by taking a Posterior Anterior cephalometric. However, 
both views represent the dento-skeletal structures and not the soft tissue 
appearance, which most patients are concerned with. The second deficiency is 
population details that most cephalometric norms are based on are not clear. Steiner 
analysis is based on one patient and it is considered one of the highly acknowledged 
analyses. Also, most cephalometric studies have been based on Caucasian norms, 
| Chapter 2 – Literature Review 13 
 
 
and it is apparent that it would be inappropriate to apply these norms to different 
ethnic groups, as racial characteristics lead to important cephalometric variations.  
Finally, most of the cephalometric analyses are based on a historic sample and it is 
doubtful their current validity due to the population changes that occurred.  
 
In order to overcome these deficiencies, a comprehensive up to date dataset of three 
dimensional soft tissue measurements is needed. These criteria fit the 
anthropometric measurements. Dr. Farkas, a plastic surgeon, introduced 
anthropometric craniofacial measurement for North American Whites(64-66) and 
carried out an international anthropometric study of facial morphology amongst 
various ethnic groups(67). The study group consisted of 1,470 healthy subjects (18 to 
30 years), 750 males and 720 females. The largest group (780 subjects, 53.1%) 
came from Europe, all of them Caucasians. Three were drawn from the Middle-East 
(180 subjects, 12.2%), five from Asia (300 subjects, 20.4%) and four from amongst 
peoples of African origin (210 subjects, 14.3%). In addition to Farkas et al. soft tissue 
norms, Arnett et al.(68) proposed a soft tissue analysis to aid diagnosis and treatment 
planning, based on the clinical finding rather than cephalometric measurement. It 
was based on 20 Caucasian male and 26 Caucasian female adults. They 
understood the effect of orthodontic treatment, which can lead to dramatic soft tissue 
changes, and they called it facial keys. The craniofacial measurements taken by 
Farkas et al. of Caucasian and Chinese individuals are attached in Appendices 9.1 
and 9.2 respectively. In comparison to Caucasians, Chinese have a less convex 
profile, the upper lip is more protrusive, the nasiolabial angle is less obtuse and the 
maxillary position is retruded(69). 
2.3 Perception of Facial Aesthetics 
Facial attractiveness has been an object of desire for many centuries(1). Modern 
societies place a strong emphasis on facial attractiveness(70)(71). Research has 
shown that people with attractive features are considered to be more competent 
socially, successful and likeable(72-75). It has been challenging for clinicians and 
patients to understand and communicate what a desirable facial profile is, and what 
is acceptable, especially when the patient and clinician do not share a similar 
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background.  The studies in table 2.1 investigated the impact of race and culture on 
the assessment of facial attractiveness. 
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Table 2.1: Summary of studies looking at the impact of race and culture on assessment of facial attractiveness
Study Participants (sample size) Intervention Results Conclusion 
Martin (1964) (76) American White (50) vs. 
American Black (50) vs. 
Nigerian Black (50) 
Rate 10 African female 
photographs’ level of 
attractiveness 
American group share the 
same aesthetic view that is 
different than Nigerian 
group 
Dominant culture plays a 
more important role than 
race with regards to 
aesthetic value of individuals 
Cross & Cross (1971) (77) American White (150) vs. 
American Black (150) 
Rate the perceived beauty 
of 72 portrait photographs 
Black participants rated the 
photo more beautiful than 
Caucasian 
Ethnicity plays a role in 
aesthetic self perception 
Foster (1973) (11) Caucasian vs. Chinese vs. 
African American (students, 
dentists, orthodontists)  
7 silhouettes of Caucasian 
female with varying lip 
position 
Overall preference for a 
fuller profile in young 
people except orthodontic 
group 
The mass media effect the 
perception of beauty 
Kiyak (1981) (78) Caucasian (46) and Pacific 
Asians (50) 
Rate the drawings of various 
skeletal malocclusions that 
had Asian and Caucasian 
features 
Pacific Asians were more 
tolerant of skeletal facial 
disproportion and tooth 
spacing than Caucasians 
Further research needed to 
explore effect of culture in 
dental aesthetic perception 
Mantzikos (1998) (79) 2651 Japanese adults 
immigrated to USA within last 
5 years 
5 photographs presenting 
different skeletal pattern 
Orthognathic profile was 
most favoured although 
Japanese tend to have 
mandibular prognathism 
Effect of mass media and 
American culture has 
changed the participants 
aesthetic views 
Mandall et al. (1999) (80) Asian vs. White children Questionnaire and clinical 
examination 
No difference between the 
two groups 
Ethnicity is not important 
factor with respect to 
orthodontic aesthetic self 
perception in children 
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Martin(76) carried out a study to determine the relationship between racial-group 
membership and judgment of female beauty. He aimed to explore the differences in 
opinion of three groups; American Whites, American Blacks, and Nigerian Blacks. 
He selected a series of photographs of Black females in order for them to be ranked 
on the basis of attractiveness. The pictures were taken at random from magazines. 
In addition, 15 judges, all social scientists, were asked to rank the photographs from 
most African and least Caucasian features to least African and most Caucasian 
features. This was in order to allow a comparison between the racial variables and 
beauty ratings within the three groups. Martin found that American Whites and 
American Blacks shared a common aesthetic standard: the Caucasian facial model. 
On the other hand, the Nigerian group rated Caucasian features to be attractive less 
often than did either of the American groups. This study showed that although 
American Blacks and Nigerians are from the same racial group, they do not share 
the same aesthetic views. This suggests it may be more appropriate to apply ethnic 
norms, rather than racial norms, when making clinical decisions regarding a patient’s 
benefit for treatment, which has an impact on aesthetics. 
 
Cross and Cross(77) also investigated differences in the perception of facial beauty 
between American Whites and Blacks. They interviewed a sample of 300 people; 
this included three groups of 80 whose ages were 7, 12, and 17 years respectively, 
and a group of 60 adults between the ages of 30 and 50 years. Equal numbers of 
males and females participated and the numbers of Black and White participants 
were equal in each age group. Participants were asked to rate the perceived beauty 
of 72 portrait photographs of persons in each of the similar age groups and of both 
sexes and in each ethnic background. There was no significant difference in 
perceived beauty between the different age groups. However, they found that there 
was a significant difference related to ethnicity; the Black group rated the photos to 
be more beautiful than the White group did.  Their findings suggest that the White 
participants are more critical in terms of judging the facial aesthetic than Black 
participants group. This study is more than 40 years old now so this finding might not 
be applicable to current population because of changes in societal norms. 
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Another study by Kiyak(78), compared the aesthetic values of two groups: American 
Caucasians and Pacific Asian immigrants (Chinese, Vietnamese, Laotians) in the 
United States. The sample group included 46 Caucasians and 50 Pacific Asians 
between the ages of 18 and 60 who were asked to rate line drawings of female 
profiles in terms of their level of attractiveness. The drawings represented various 
skeletal discrepancies and dental problems. The dental problems included severe 
crowding, severe spacing, crooked teeth and normal spacing. One set of drawings 
represented a Caucasian face and there was another set for the Pacific Asian face. 
The author found that the Pacific Asians were more tolerant of skeletal facial 
disproportion and tooth spacing than Caucasians. This study confirms the finding of 
Cross et al(77) study that White participants are more critical about rating 
attractiveness; giving lower scores than Pacific Asians. 
  
Mandall et al.(80) attempted to explore the difference in the perceived aesthetic 
impact of malocclusion between Asian and White children. An Asian was defined as 
“a person who, irrespective of birthplace, would identify him/herself as racially and 
ethnically originating from peoples indigenous to India, Pakistan, Bangladesh and Sri 
Lanka. This includes Asians born in East Africa, the UK and Mauritius, but excludes 
Whites born in India”. In the study, a random sample of 434 14–15-year-old Asian 
and White children from schools in Manchester, were asked to fill in a questionnaire.  
They concluded that ethnicity was not an important factor with respect to orthodontic 
aesthetic self-perception. These findings contradict some of the studies(77)(78) 
reported above, which indicate that Caucasians may be less tolerant of malocclusion 
than other ethnic groups. On other hand, this study agrees with Martin’s(76) study on 
American Whites and Blacks because both of these studies show that different 
ethnic groups living in the same society may share similar aesthetic values. This 
study is more recent and it is looking at UK population so it is more relevant to us 
than the previously discussed papers. 
 
Foster(11) carried out a study exploring the perception of facial profile aesthetics 
amongst dentists, art students, orthodontists, and a population group of African 
Americans and Chinese Americans. They devised a series of seven facial 
silhouettes, varying from retrusive to protrusive lips, of an 18-year-old Caucasian girl. 
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These profiles were constructed by varying the lip position in 2-mm increments from 
the Ricketts’ E-Plane. These profiles were then analysed by six groups of people: 
dentists, art students, lay Blacks, lay Whites, lay Chinese and orthodontists. Each 
participant was asked to choose what he or she considered to be the most attractive 
profile. The group of profiles could be male or female, 8-years-old, 12-years-old, 16-
years-old or adult. The results showed an overall preference for fuller profiles 
amongst younger patients, and all groups, except the orthodontists, who preferred a 
more retrusive lip position amongst adult males. The orthodontists liked both sexes 
to have the same degree of lip protrusion. The author mentioned, in his discussion, 
that the template photo, on which he based his profile variants, presented with a 
lower lip that was more prominent than that which would be considered ideal. He 
suggested that variation between a subject’s appreciation of aesthetics and facial 
harmony might be due to the effect of mass media on the perception of beauty. This 
study suggests that orthodontists hold different aesthetical values than laypeople 
and this has implications for treatment planning process, which should be centred 
around patients concerns. 
2.3.1 Perception of Optimal Profile  
Mantzikos(79) attempted to define aesthetic soft tissue profile preferences among the 
Japanese population. The sample included 2,651 randomly selected panelists (mean 
age, 29.3 + 10.1 years) from Japanese cultural and educational backgrounds. The 
panellists had emigrated from Japan to the United States within the previous 5 years. 
Five facial profile types were computer-generated by an orthodontist to represent 
distinct facial types. These profile types were: a class I profile, a bimaxillary retrusive 
profile, a bimaxillary protrusive profile, a mandibular retrognathic profile and a 
mandibular prognathic profile. Participants were asked to rank profiles in descending 
order of attractiveness. Mantzikos found that the class I profile was most preferred 
and the mandibular prognathism was the least favoured of all profiles within the 
Japanese study group despite mandibular prognathism being a common profile in 
Japan. The author suggested that the views of these immigrants, on what is a 
facially attractive profile, may have already changed over the previous five years due 
to the influence of the media. He argued that when these Japanese people moved to 
a culture where there was a wide variety of racial components, their individual 
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personal views and values about the concept of beauty, were subsequently 
changed. In addition, Mantzikos asserted that the reason why the class I profile was 
the first choice was due to the fact that the class I profile seems to simulate the 
profiles of a variety of different ethnic movie actors. 
 
Chong et al.(12) compared the preferences of 251 White and Chinese people, 
dentists and laypersons, in Australia and China with regard to the aesthetics of 
Chinese lip position. The assessors were asked to rank eight profile images. The 
profile images for a dental and skeletal Class I Chinese adult male and female were 
digitally manipulated for Chinese and White mean values. The lip profile was 
adjusted with the upper and lower lip at the mean distance from the Ricketts’ E-plane 
and the other profile images were constructed to lie at 0.5, 1.0, and 2.0 standard 
deviations in front of or behind the E-plane. Chong et al. found that there was a 
significant difference between the judges’ preference. The Chinese participants 
preferred a more retrusive profile and were more likely to rate a protrusive profile as 
unacceptable, compared with White participants. These findings surprised the 
authors because the norm amongst the Chinese population is to have more 
protrusive lips and so it was expected that Chinese participants might find a 
protrusive profile more acceptable. The fact that the study did not distinguish 
between native Chinese people living in Australia and new immigrant Chinese 
people recently moving to Australia was acknowledged by the authors. This might 
have affected the perception of the aesthetic between the Australian and Chinese 
groups because new immigrants might share the same aesthetic values as the 
Chinese group. Therefore, this was considered a limitation of this study. On other 
hand, the study shows that White participants found the more protrusive profile of 
Chinese people more acceptable and acknowledged the ethnic variation. 
 
As outlined in the literature review above, the evidence shows a wide range of 
opinion in terms of how different ethnic groups have different perceptions of 
aesthetic facial profile. The ethnic group, society or mass media might influence this. 
The majority of studies in this area have been undertaken in America in multi-cultural 
populations. These differences often reduce when both ethnicities are submerged in 
the same society. Few studies involving the perception of dental experts have been 
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undertaken indicate that orthodontists hold different perceptions regarding ethnic 
representations of facial beauty than do lay population.  
2.4 Clinician’s perception of patients’ benefit from orthognathic surgery 
Previous work has also been carried out to explore the soft tissue landmarks that 
help orthodontists and maxillofacial surgeons to determine whether or not to 
recommend orthognathic surgery for patients. Naini et al.(81) developed a silhouette 
study to determine to what extent the degree of chin prominence influenced 
perceived attractiveness and the decision to recommend orthognathic surgery. A 
power-point presentation was used to investigate differences in perception of 
attractiveness between clinicians, patients and lay people. They found that chin 
retrusion or protrusion, of up to 4 mm, was essentially unnoticeable and that 
clinicians would recommend surgery for patients with chin protrusion of greater than 
6 mm and chin retrusion of greater than 10 mm. There was no statistically significant 
difference between clinicians and patients or clinicians and laypeople with regards to 
perceived attractiveness of the silhouettes. 
 
Another study was carried out by Naini et al.(82) to assess the influence of mandibular 
prominence on perceived attractiveness in the orthognathic patient, clinician and 
layperson. The mandibular prominence of the profile silhouettes was altered in 2 mm 
increments from -16 mm to 12 mm in relation to ideal Caucasian norms, in order to 
represent retrusion and protrusion of the mandible, respectively. Using a 7-point 
Likert scale, clinicians recommended surgery for mandibular protrusions of greater 
than 5 mm; however, patients and laypeople were more critical and recommended 
surgery if mandibular prominence was greater than 3 mm. Similar to the study 
reported above, there was no difference in the aesthetic opinion of the participants. 
Participants found that the greater the protrusion or the retrusion of the profile, the 
less attractive the profile and the greater the desire for surgical correction. Based on 
the results of this study, the authors recommended that, when planning treatment 
and planning to alter the sagittal prominence of the mandible in an individual, an 
ideal sagittal position with soft tissue pogonion on or just behind a true vertical line 
through the subnasale may be used. 
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Naini et al. (83), carried out another study to assess the influence of lower facial profile 
convexity on perceived attractiveness amongst orthognathic patients, clinicians and 
laypeople. They altered lower facial profile from the ideal Caucasian norm from 14° 
to -16° with 2° differences between each image. The participants used a 7-point 
Likert scale to rate the silhouettes’ levels of attractiveness and benefit from surgery. 
They found that rating decreased for every degree increase in the facial profile 
convexity. The straight profile was perceived to be most attractive by the participants 
over the convex and concave profiles. With increased concavity of the profile, the 
probability of desire for surgery was 69% less for clinicians than for patients. They 
concluded that patients were more critical than clinicians and laypeople. However, in 
the studies by Naini et al. (81-83) discussed above there was no explanation of how 
the term “laypeople” was defined or how they selected the sample. 
 
With regard to racial differences, Almeida et al.(84) conducted a study to investigate 
the association between the anteroposterior position of the mandible and the 
perceived need for orthognathic surgery. Four adults with accepted facial balance 
vertically and horizontally were selected: one Black male, one Black female, one 
Caucasian male, and one Caucasian female. Their photographs were altered to 
produce photos with a straight profile and 6 simulations of mandibular discrepancies, 
3 resulting from retrusion and 3 resulting from protrusion from each original face. A 
total of 28 photographs was produced and each was evaluated by orthodontists, 
maxillofacial surgeons, artists and laypeople. They found that the participants rated 
male convex and female concave profiles to be in great need of surgery. In addition, 
they found that the maxillofacial group was the least tolerant of profile changes and 
the group containing laypeople was the most tolerant. There was no statistically 
significant difference in the number of indications for surgery between the 
photographs of Black and Caucasian individuals. 
 
In order to answer the question of whether a photograph or a silhouette is adequate 
for evaluating aesthetic profile, Pithon et al.(85) carried out a study. In this study, they 
used a photograph of a Black female with bimaxillary dentoalveolar protrusion. This 
image was altered to produce a series of seven photos and seven silhouettes with 
different lip positions by varying the lip position in 2-mm increments from the 
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Ricketts’ E-Plane. A total of 14 images were produced and evaluated by 50 Black 
and 50 Caucasian laypeople (undergraduate students). They used a 0 to 10 visual 
analogue scale to rate the level of attractiveness of the images. Both groups of 
evaluators preferred the less protrusive profile. They found that both methods, 
photographs and silhouettes, show a good agreement in terms of evaluation of 
attractiveness. 
2.5 Questionnaires and response rate 
Not all research questions are suitable for an experimental design. Thus, 
questionnaires are a useful method to investigate patterns, frequency, and 
prevalence in a large sample of a given population(86). They are useful in the medical 
field to investigate clinicians’ and patients’ perceptions of treatment. The major 
concerns would be the achievement of an adequate response rate in order to make 
the results as representative of the population of interest as possible. There are 
many recommended strategies in the literature, which may increase response rate. 
These are related to the questionnaire design with regard to its content, length, type 
of questions and format of questions. 
 
Questionnaires can be sent web-based, postal or combination of both. There are 
advantages and disadvantages of each mode of administration. With the advances 
in the internet speed and spread, web-based questionnaire are found to be a 
relatively quick method for data collection. An important advantage of using web-
based questionnaires is that they can ensure respondent anonymity. If anonymity is 
assured, participants may feel more comfortable in providing open and honest 
feedback. This can positively impact on response and completion rates, which are 
keys to survey success(87). Moreover, previous studies have found that 
questionnaires sent by e-mail have fewer incomplete answers compared to the same 
questionnaires sent by postal mail or fax(88). However, postal questionnaires have a 
higher response rate than web-based questionnaires(89). Each mode therefore has 
advantages and disadvantages. In order to avoid nonresponse bias, in addition to 
giving all participants an equal opportunity to choose their preferred mode is 
suggested. This can be achieved using the mixed mode approach. 
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Scott et al.(90) conducted a randomised controlled trial to investigate the effects and 
costs of three different modes of questionnaire administration in a national survey of 
doctors. They compared web-based questionnaires, a simultaneous mixed mode (a 
paper questionnaire and web-based login details sent together), and a sequential 
mixed mode (web-based followed by a paper questionnaire with the reminder) in 
terms of response rate and cost. They found that the sequential mixed mode 
resulted in a significantly higher response rate than the web-based mode alone, with 
a slightly higher response rate than the simultaneous mixed mode. In comparison 
with the web-based mode, the sequential mixed mode was more cost-effective than 
the simultaneous mixed mode.  
 
The mode of administration is not the only consideration related to a good response 
rate deficiency. The design and the content of the questionnaire itself are important 
too. Crawford et al.(91) developed standards from theory and practice for the design 
of the web-based questionnaire to improve response rate. They suggested that a 
questionnaire should be designed without any background colour or images in order 
to minimise the upload time of the web page and to prevent the text from becoming 
difficult to read. Logos should be placed at the top left corner. They recommended 
using a black colour for text with a size of between 10 and 12 points. 
 
With regards to postal questionnaires, Edward et al.(92) suggested strategies to 
improve the postal questionnaire response rate. They suggested that the use of 
coloured ink and that first class, stamped return envelopes would increase the 
response rate. In addition, questionnaires originating from universities were more 
likely to be returned than those from other sources such as commercial 
organisations. They recommended contacting participants before sending the 
questionnaire and suggested that choosing a topic that is of interest to participants. 
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2.6 Rationale for the study 
A systematic electronic search in Medline, EBSCO and Google scholar using search 
terms attached in Appendix 9.3 identified that the available evidence regarding the 
benefit from orthognathic surgery is predominantly limited to Caucasians. Therefore, 
it would be interesting to expand this and further investigation into different racial 
groups.  
 
In summary, previous studies have concentrated mainly on how soft tissue 
landmarks influence clinicians’ decisions to recommend orthognathic surgery for 
Caucasians. Whilst this is useful, it is recommended that a set of racial norms for 
one group should not be applied to people of other. In addition, previous research 
does not take account of the possible influence of accepted racial norms on 
clinicians’ judgments. Authors suggest that more work needs to be done in this 
area(93), particularly to investigate the effect of patients’ race on clinical decision-
making. Also relevant to the topic is whether the personal values and attitudes of 
clinicians regarding facial attractiveness influence clinical judgments in terms of 
whether orthognathic surgery is needed or not.  
 
A further gap in the literature has been identified in this area, which is to assess if 
maxillary position influences clinicians’ decisions in terms of whether to recommend 
orthognathic surgery or not. Literature suggests that it would be valuable to identify 
whether the race of the patient affected this decision especially as the average 
Chinese profile is maxillary retrusive with a tendency towards a class III skeletal 
pattern. With this in mind this study has been designed to investigate this area by 
comparing two racial groups (Caucasian and Chinese), using silhouettes and 
manipulating the silhouettes to produce a retrusive maxillary position, or prognathic 
mandibular position leading to a class III skeletal relationship.  
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3 Aims and Objectives 
3.1 Research Question 
Does the racial background of the patient influence clinicians’ perception of the 
benefit from orthognathic surgery in patients presenting with class III skeletal 
discrepancies? 
3.2 Study Aim  
To investigate the impact of patients’ race on influencing whether clinicians perceive 
that a patient with class III skeletal bases would benefit from orthognathic surgery. 
3.3 Study Objectives  
1. To compare clinicians’ rating of the key soft-tissue profile values (A point 
and B point) that might indicate the benefit from orthognathic surgical 
treatment, in patients with a class III skeletal base, of Caucasian and 
Chinese origin.  
2. To identify which profile clinicians rate as the most attractive for:  
a. Caucasian patients;  
b. Chinese patients and 
c. whether the Caucasian profile is considered more or less attractive 
than the Chinese. 
3. To identify clinician-related factors that might influence decisions including 
clinicians’:  
a. years of qualification;  
b. gender;  
c. ethnicity;  
d. specialty (orthodontics/oral and maxillofacial surgery);  
e. location of work and  
f. the number of orthognathic patients treated each year. 
4. To investigate the role of clinicians’ personal values with regard to facial 
attractiveness in influencing their clinician decision making in terms of the 
perceived benefit from orthognathic surgery. 
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4 Methods 
4.1 Sampling Frame  
A cross-sectional survey was conducted from April 2015 to July 2015. The 
questionnaire was distributed to all consultant orthodontists and maxillofacial 
surgeons in the United Kingdom using the mailing lists of the British Orthodontic 
Society (BOS) and British Association of Oral and Maxillofacial Surgeons (BAOMS). 
There was a total of 315 consultant orthodontists registered with the BOS. There 
were 98 consultants in Oral and Maxillofacial surgery registered with the Deformity 
Sub-Specialty Interest Group of the BAOMS on March 2015. The deformity group 
include oral and maxillofacial surgeons who are interested in craniofacial deformity 
and orthognathic surgery. This group consists of 30% of oral and maxillofacial 
surgeons who are members of the BAOMS. 
4.1.1 Sample Size Calculation 
The sample size calculation was carried out based on the pilot data from 18 
participants (3 oral and maxillofacial surgeons, 3 orthodontic consultants, 2 senior 
orthodontic registrars and 10 orthodontic registrars). From this pilot, it was estimated 
that the intra-cluster correlation coefficient for ratings of benefit for surgery would be 
0.06. The study was powered to detect a difference in the ratings for benefit from 
surgery between the Caucasian and Chinese silhouettes. A sample size of 158 was 
identified as allowing the detection of a difference of 6% between the average overall 
ratings of the Caucasian and Chinese silhouettes, adjusted for the clustering of 
ratings within raters, with 80% power, and α =0.05. With a minimum target sample 
size of 158, the questionnaires were sent to 413 participants (315 consultant 
orthodontists and 98 consultant oral and maxillofacial surgeons) to allow for a 38% 
response rate for the survey.  
4.1.2 Ethical Approval 
Ethical approval was obtained from the Institute of Learning and Teaching Ethics 
Review Group at the University of Liverpool (ref no. 201502189) attached in 
Appendix 9.4. After ethical approval was obtained, the administrative departments of 
the BOS and BAOMS were contacted. Audit committee approval was then obtained 
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from the research lead at the BOS and BAOMS to distribute the questionnaires and 
start data collection. 
4.2 Questionnaire 
4.2.1 Mode of Administration of Questionnaire 
A sequential, mixed mode questionnaire format was used for the consultant 
orthodontic group. This mode starts with an initial attempt to conduct the survey 
through web-based administration, with a mailed follow-up for non-responders. A 
series of three reminders was sent out. The first and second email reminders were 
sent 6 weeks and 10 weeks after the web-based questionnaire distribution 
respectively.  
 
The postal invitation was sent 2 weeks after the start of the web- based 
questionnaire. Then, a postal reminder which included a paper version of the 
questionnaire, together with a stamped, self-addressed envelope and an option to fill 
the questionnaire in web-based was sent out 8 weeks later. No incentives were 
offered. The data collection process is illustrated in figures 4.1 and 4.2. 
 
The BAOMS Office does not circulate questionnaire s to members via hard copy 
mailings. The facility they provide for approved questionnaires involved email 
circulation to the required group. Confidentiality of the members’ details did not allow 
for direct mailing to the members. Therefore, only web-based questionnaire could be 
used for the oral and maxillofacial surgeons group. Two reminders emails were sent 
by the BAOMS office to Deformity Sub-Specialty Interest Group at 2 weeks and 6 
weeks later.  
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Figure 4.1: The diagram compares the two different modes of administration used to distribute the 
questionnaire to BOS and BAOMS members 
 
 
 
 
 
 
 
 
 
 
 
 
  
Data collection process through British 
Association of Oral and Maxillofacial 
Surgeons mailing list: 
Web-based questionnaire
was sent (April 2015)
1st reminder ( 2 weeks later)
2nd reminders ( 6 weeks later 
later)
Survey closed ( 8 weeks later/ June 
2015)
Data collection process through British 
Orthodontic Society mailing list:
Web-based questionnaire and a 
paper invitation (April 2015)
1st email reminder  (6 weeks later)
2nd post reminder with a paper 
copy of questionnaire (8 weeks 
later) 
3rd email reminder ( 10 weeks 
later)
Survey closed ( 12 weeks later/July 
2015)
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Figure 4.2: Participants flow diagram for consultant orthodontists group 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.2 Invitation Letter  
The invitation letter, at the start of the survey, included information about the study 
title and the purposes of the study and reassured the participants about the 
anonymity of the data. The participants were asked to spend no more than 30 
seconds looking at each silhouette and then answer the following questions: “Do you 
Total invited 
N= 315 
Postal invitation 
responders 
N= 140 (44.4%) 
Web-based 
questionnaires filled 
N= 149 (47.3%) 
Postal invitation 
non-responders 
N= 175 (55.6%) 
 
N= 175 (55.6%) 
Chose to fill web-
based questionnaire 
N= 109 
Requested paper 
questionnaire 
N= 26 
Refused to 
participate 
N= 5 
Paper questionnaires 
sent 
N= 201 
Chose to fill web-
based questionnaire 
N= 17 
Paper questionnaires 
filled   
N= 72 (22.8%) 
Refused to 
participate 
N= 3 
Total responses 
N= 221 
(70.1%) 
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think that a patient, presenting with this profile, would benefit from orthognathic 
surgery?” and “How do you rate the level of attractiveness of this profile?”  
 
The chief investigator (NF) signed the invitation letter. A copy of the web-based letter 
is attached as Appendix 9.5. At the end of the letter, there was a space for potential 
participants either to consent or refuse to consent in the remainder of the survey. In 
addition, a paper version of the invitation letter, concurrent with the web-based 
questionnaire, was sent by post to all participants with an option to request a paper 
copy of the questionnaire (Appendix 9.6). The questionnaire was anonymous but a 
code was used to allow us to follow up those who have not responded. The codes 
were be kept by the BOS secretaries for follow up purposes only. A reminder paper 
letter with the paper questionnaire was sent to every consultant orthodontists who 
requested a paper copy or did not respond to the invitation letter (Appendix 9.7).  
4.2.3 Content of Questionnaire 
The questionnaire was divided into four sections (Appendix 9.12):  
 Section 1 and 2 collected demographic data on the participant, including age, 
gender, ethnic origin, current occupation, place of work, years of qualification 
and the number of orthognathic patients they treat every year. In addition, 
participants were asked how important they think it is to have attractive facial 
features. 
 Section 3 included an ideal patient profile silhouette and 10 manipulated 
silhouettes of a 16-year-old Caucasian female patient and two duplicate 
silhouettes, to check the intra-examiner reliability, giving a total of 13 
silhouettes. Each silhouette was followed by two questions; the first question 
was “Do you think that a patient, presenting with this profile, would benefit 
from orthognathic surgery?” and the second was “How do you rate the level of 
attractiveness of the profile?”  
 Section 4 included an ideal patient silhouette and 10 manipulated silhouettes 
of a 16-year-old Chinese female patient and two duplicate silhouettes, to 
check the intra-examiner reliability, giving a total of 13 silhouettes. These 
silhouettes were followed by two questions; the first question was “Do you 
think that a patient, presenting with this profile, would benefit from orthognathic 
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surgery?” and the second was “How do you rate the level of attractiveness of 
the profile?” 
4.2.4 Design of the Questionnaire  
Survey Monkey®, accessible at www.surveymonkey.com, was used to form the 
outline and design for the web-based questionnaire. The design of the web-based 
questionnaire followed design standards suggested by Crawford et al.(91) that were 
discussed in section 2.5. The content of the wed-based and paper questionnaires 
were the same; however, the format for the paper-based version was developed 
using Microsoft Word and followed strategies suggested by Edward et al.(92) to 
improve the postal questionnaire response rate.  These strategies were discussed in 
section 2.5. 
Data tabulation reliability 
Transfer of paper response to data collection tables on a computer could have lead 
to tabulation errors. Therefore, to minimise error and ensure that data entered onto 
the computer were accurate, data entered were checked on three separate 
occasions. No more than 6 paper questionnaires were transferred to computer per 
sitting to avoid errors due to fatigue.  In addition, 10% of paper responses were 
selected randomly and checked by research supervisor (N.F.) to assure correct data 
tabulation.  
4.2.5 Silhouettes 
The decision to use a silhouette fabricated from Liverpool Dental Hospital patients’ 
photographs was made to make the analysis as representative of a real-life situation 
as possible. The patients’ profile photographs were taken with the patient in natural 
head position by asking the patient to look into her own reflection in a mirror, which 
has been shown to be the most reproducible(94). Silhouette profile images were used 
to eliminate the influence of skin colour, hair texture, and other characteristics that 
might bias participants’ judgment. A ruler was placed at the top right corner to the 
potential effect of image magnification or size reduction on the clinician’s perception.  
The silhouettes’ manipulation did not extend beyond 10 mm because this is the limit 
for surgical advancement of maxilla proposed by Proffit et al.(27) there was no 
previous studies that looked at the clinicians’ decision for recommending surgery for 
| Chapter 4 – Methods 32 
 
 
patients’ with maxillary deficiency. Therefore this study was based on Proffit et al.(27) 
surgical limit for advancement of the maxilla. On the other hand, the surgical limit 
suggested by Proffit et al. (27) for mandibular setback was 24 mm. However, previous 
research has found that clinicians recommended surgery for mandibular protrusions 
of greater than 5 mm(41). Therefore, for this study the silhouettes’ manipulation for the 
mandible was 10 mm to have equal amount of manipulation for each jaw to allow 
comparison. 
Profile Construction 
The silhouettes were constructed from profile photographs of patients attending 
Liverpool University Dental Hospital.  
Those whose images were considered for the study:  
 had consented to have their photographs used for research purposes;  
 were Caucasian or Chinese with average vertical proportions based on 
Farkas et al.’s (64-67) soft tissue norms. 
Two profile photographs, representing Caucasian and Chinese norms, were selected 
of patients who were the same age (16 years old) and gender (female). These 
photographs were converted to silhouettes using Adobe Photoshop®. Then, the 
profile measurements were made on a life size version of the silhouette using extra 
fine pen to locate the points and measure the linear spaces and angles using an 
orthodontic ruler as attached in Appendices 9.8 and 9.9. 
 
The maxillary position of the selected normal profile silhouettes was manipulated 
posteriorly from the norm, in 2 mm increments, up to 10 mm. The mandibular 
position, of the selected normal profile silhouettes, was manipulated anteriorly from 
the norm, in 2 mm increments up to 10 mm. Thirteen silhouettes were constructed 
per racial group i.e: 
 The norm, which is 0 mm from the true vertical line (68)  
 2 mm, 4 mm, 6 mm, 8 mm to 10 mm posteriorly from the norm of the 
maxilla (Figure 4.3 and 4.4) and  
 2 mm, 4 mm, 6 mm, 8 mm to 10 mm anteriorly from the norm of the 
mandible (Figure 4.5 and 4.6) 
 one duplicate for each jaw per race  
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Therefore, a total of 26 silhouettes were constructed. The duplicate silhouettes were 
placed within the test batch of profiles, to assess the intra-rater reliability. Each 
silhouette was assigned double letters listed in appendix 9.10. 
Figure 4.3 Illustration of how the maxilla moved posteriorly from the norm in Caucasian Silhouette by 
2 mm (AS), 4 mm (MF), 6 mm (LR), 8 mm (MH), 10 mm (SM) 
 
 
 
Figure 4.4 Illustration of how the maxilla moved posteriorly from the norm in Chinese Silhouette by 2 
mm (SR), 4 mm (GR), 6 mm (MT), 8 mm (SH), 10 mm (SC) 
 
 
 
Figure 4.5 Illustration of how the mandible moved anteriorly from the norm in Caucasian Silhouette by 
2 mm (AM), 4 mm (EW), 6 mm (RS), 8 mm (MA), 10 mm (NS) 
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Figure 4.6 Illustration of how the mandible moved anteriorly from the norm in Chinese Silhouette by 2 
mm (DC), 4 mm (DG), 6 mm (CD), 8 mm (MS), 10 mm (ZA) 
 
 
To choose the duplicated silhouette letters where inputted into a website called 
random name picker(95) and the double letters that were picked for: 
 Caucasian manipulated maxillary position were MH 
 Caucasian manipulated mandibular position were RS 
 Chinese manipulated maxillary position were GR 
 Chinese manipulated mandibular position were ZA 
Then the double letters were inputted into a website called List randomizer(96) to 
arrange them randomly. The random order that was generated for Caucasian and 
Chinese silhouettes is listed in appendix 9.11. 
4.2.6 Pilot study 
A pilot study was conducted at Liverpool University Dental Hospital to evaluate the 
questionnaire internal validity and calculate the sample size for this study. The 
questionnaire content was piloted on 3 consultant orthodontists, 3 consultant oral 
and maxillofacial surgeons, 2 senior and 10 orthodontic registrars at Liverpool 
University Dental Hospital. E-mail and paper copies of the questionnaire were sent 
to ask them to critique the questionnaire’s presentation and clarity. All suggestions 
made by the participants of the pilot study were considered.  
 
The time taken to complete the questionnaire was recorded and it was decided it is 
reasonable to spend 30 seconds per silhouettes. One question was discarded 
because all participants suggested that it is unnecessary. The question was “How 
do you rate you own facial attractiveness?” They thought that this question would 
not add to our understanding because clinician would properly give unreliable 
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answers. One question was re-worded because it may not be answered as 
expected. The question was ““Do you think this patient based on this profile view 
needs surgery?”. Consultants’ comment on that question was they would never 
think that any patient would need surgery however, patients may benefit from 
surgery. Therefore, the question was rephrased to “Do you think that a patient, 
presenting with this profile, would benefit from orthognathic surgery?”. A caption 
was added beneath every silhouette to describe the race of the silhouette.  
4.3 Data Analysis  
4.3.1 Analysis Strategy  
All data collected from consultant orthodontists’ and oral and maxillofacial surgeons’ 
questionnaires were analysed using SPSS 22.0 (SPSS Inc., Chicago, Illinois, USA 
and SAS Version 9.3 (SAS Institute Inc., Cary, North Carolina, USA). A p-value of 
less than 0.05 was considered a statistically significant difference. Descriptive 
statistics were used to analyse the demographic data of the participants e.g. mean 
and 95% confidence intervals or median and interquartile range, as appropriate.   
 
Mixed linear and logistic regressions analyses were used for data analyses as 
appropriate, with silhouette ratings clustered within clinicians groups, and taking into 
account the effects of racial group, amount of maxillary/mandibular manipulation and 
clinician effects such as specialty, gender and ethnicity to be modelled.  
 
This study would compare the clinicians’ perception of the benefit from orthognathic 
surgery in patients of two racial backgrounds (Caucasian and Chinese) who 
presented with a class III skeletal discrepancy. Therefore, comparisons would be as 
follows:  
 Orthodontists’ perception for the benefit from surgery for Caucasian 
skeletal class III profiles versus Chinese skeletal class III profiles. 
 Maxillofacial surgeons’ perception for the benefit from surgery for 
Caucasian skeletal class III profiles versus Chinese skeletal class III 
profiles. 
 Orthodontists’ perception for the benefit from surgery for Caucasian 
skeletal class III profiles versus maxillofacial surgeons’ perception for the 
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benefit from surgery for Caucasian skeletal class III profiles. 
 Orthodontists’ perception for the benefit from surgery for Chinese skeletal 
class III profiles versus maxillofacial surgeons’ perception for the benefit 
from surgery for Chinese skeletal class III profiles. 
 If no difference between the perception for the benefit from surgery 
between orthodontists’ and maxillofacial surgeons was found, then the 
results would be combined to compare the all the clinicians’ perception for 
the benefit from surgery for Caucasian skeletal class III profiles versus 
Chinese skeletal class III profiles. 
4.3.2 Study Measures  
The outcome of this study was measured using a dichotomous scale and a Likert 
scale. Participants were asked to assess the benefit from surgery on a dichotomous 
scale: ‘Yes’ or ‘No’. In addition, they were asked to rate the level of attractiveness on 
a 7 point Likert scale: 
1. Extremely unattractive 
2. Very unattractive 
3. Slightly unattractive 
4. Neither attractive nor unattractive 
5. Slightly attractive  
6. Very attractive  
7. Extremely attractive 
4.4 Data Handling 
There was no direct contact with participants’ details because the data collection 
process was through BOS and BAOMS secretaries. All anonymised data was stored 
on a password-protected computer. All study data was stored and archived in line 
with the Medicines for Human Use Amended Regulations 2006 as defined in the 
Joint Clinical Trials Office Archiving SOP. 
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5  Results 
5.1 Response rate  
The overall response rate for this study was 273 (66.1%). Out of 315 consultant 
orthodontists, 221 (70.1%) questionnaires were collected. With regard to mode of 
data collection, 149 consultant orthodontists completed the questionnaire web-based 
and 72 completed a paper version of the questionnaire. The completion rate of web-
based questionnaires was 94% and the paper copies was 72%. Eight consultant 
orthodontists refused to participate in the study. Four of them returned blank 
questionnaires with a note that they were retired and the other four did not specify a 
reason. The data collection process was illustrated in figure 4.2. With regards to oral 
and maxillofacial group, out of 98 consultant oral and maxillofacial surgeons, 52 
(53%) completed the web-based questionnaires.  
5.1.1 Relationship between data collection mode and responders’ demographic 
characteristics (orthodontists only) 
The percentage of male orthodontists responders was slightly higher using the web-
based mode and this was not statistically significant. The percentage of female 
orthodontists responders was slightly higher using the paper mode and this was not 
statistically significant (p=0.10). The mean age of responders was almost the same 
in web-based and paper mode of 47.6 years and 47.1 years respectively (Table 5.1) 
Table 5.1: Relationship between data collection mode and responders’ demographic characteristics 
(orthodontists only) 
 
Variables P- value Web-based mode Paper mode 
  Mean 
(S.D) 
N Percentage 
(%) 
Mean 
(S.D) 
N Percentage 
(%) 
Gender P= 0.10*       
   Males   84 56.4  31 44.2 
Females   65 43.6  39 55.7 
Age (yrs) P= 0.75** 47.6  
(11.0) 
113  47.1 
(8.9) 
67  
*Chi-square test was used 
**T-test was used 
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5.2 Reliability of measures 
Intra-rater reliability 
The intra-rater reliability for the raters was found to be Kappa = 0.63 with 95% CI 
(0.568, 0.696). This is considered substantial agreement(97). In addition, McNemar 
test was used to assess the participant reliability and it is shown in table 5.2. There 
was a statistically significant difference in the intra-rater ratings for silhouettes RS 
and GR (Table 5.2). Silhouette RS represented the Caucasian silhouette with 6 mm 
anterior mandibular manipulation and silhouette GR represented the Chinese 
silhouette with 4 mm  posterior maxillary manipulation. In addition, these data 
indicate that there was not much variation in the intra-rater ratings for silhouettes MH 
and ZA. Silhouette MH represented the Caucasian silhouette with 8 mm maxillary 
manipulation and silhouette ZA represented the Chinese silhouette with 10 mm 
mandibular manipulation (Table 5.2). 
Table 5.2: The difference in perceptions of the participants for benefit from surgery between the 
original silhouette and the duplicate 
 
Silhouette Race Degree of 
Manipulation 
Number of clinicians 
who rated the 
original Silhouette 
Number of clinicians 
who rated the 
duplicate Silhouette 
McNemar’s Test  
P-value 
Caucasian  
Silhouette RS Mandible 6 mm 113 140 <0.0001* 
Silhouette MH Maxilla 8 mm 248 244 <0.219 
Chinese  
Silhouette GR Maxilla 4 mm 167 206 <0.0001* 
Silhouette ZA Mandible 10 mm 239 240 <0.727 
* Indicate statistical significance 
Data tabulation reliability 
Research supervisor (N.F.) randomly selected and checked 10% of paper responses 
to assure correct data tabulation. Seven questionnaires were selected and the inter 
examiner reliability found to be 100%. This adds to the reliability of the findings of 
this study.  
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5.3 Descriptive data 
This section describes the demographic characteristics of the responders, and the 
prevalence of their responses to the main variables of interest.  
5.3.1 Age and gender  
The mean age of the consultant orthodontists was 47.4 years (standard deviation 
(SD) 9.2; 95% confidence Interval (CI) 46.2, 48.6) and 52.5% of the consultant 
orthodontists were male (Figure 5.1). The mean age for the consultant oral and 
maxillofacial surgeons was 51.7 years (SD 6.05; CI 50.1, 53.4) and 88.5% were 
males (Figure, 5.2). 
Figure 5.1: Mean age of consultant orthodontists is 47.4 years with SD 9.2. 
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Figure 5.2: Mean age of oral and maxillofacial surgeons is 51.7 years with SD 6.0 
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5.3.2 Ethnicity 
Three-quarter (75.5%) of consultant orthodontists who answered the questionnaire 
were White British, 10% were Asian Indian, 5.9% were White Irish, and 1% were of 
Asian Chinese background. There were 0.9% Asian Pakistani, and 0.4% Black 
African. Other ethnic groups e.g. Arabian, Iranian, another White ethnic group and 
mixed White compromised 5.3% of the orthodontists (Table 5.3). The vast majority of 
the oral and maxillofacial surgeons were White British (80.8%). The rest of 
participants were White Irish (3.8%), Asian Indians (9.7%), Asian Pakistanis (1.9%) 
and Asian Chinese (1.9%).  One participant (1.9%) was from other White 
background (Table 5.3). 
 
Table 5.3: Number and percentage of participants based on their ethnic background  
 
Ethnic group Consultant  
Orthodontists 
         No.                          % 
Consultant oral and 
maxillofacial surgeons 
         No.                          % 
Total 
 
No. 
Asian Chinese 3 1 1 1.9 4 
Asian Indian 23 10 5 9.7 28 
Asian 
Pakistani 
2 0.9 1 1.9 3 
Black African 1 0.4 0 0 1 
White British 167 75.5 42 80.8 209 
White Irish 13 5.9 2 3.8 15 
Others 12 5.3 1 1.9 13 
 
Total 
 
221 
 
100 
 
52 
 
100 
 
273 
 
 
 
 
 
 | Chapter 5 – Results 42 
 
5.3.3 Importance of facial profile 
Nearly half (49.3%) of consultant orthodontists reported they thought was very 
important to have an attractive facial profile. More than one-third (39%) reported they 
thought was slightly important to have an attractive facial appearance. Smaller 
percentage (8.3%) thought it is extremely important and (3.4%) thought it is neither 
important nor unimportant to have an attractive facial profile. Out of 52 oral and 
maxillofacial surgeons, half (51.1%) think it is slightly important to have an attractive 
facial appearance. On the other hand, more than one-third (37.8%) thinks it is very 
important to have an attractive facial appearance. The rest of the participants 
(11.1%) think it is extremely important to have an attractive facial profile (Table 5.4). 
 
Table 5.4: How important does the consultant orthodontists and oral maxillofacial surgeons 
think it is to have an attractive facial profile?  
 
Rating of importance of 
facial attractiveness 
Consultant  
Orthodontists 
           No.                          % 
Consultant oral and maxillofacial 
surgeons 
             No.                           % 
Extremely important 18 8.3 6 11.1 
Very Important 107 49.3 19 37.8 
Slightly important 85 39 27 51.1 
Neither important nor 
unimportant 
7 3.4 0 0 
 
Total 
 
217 
 
100 
 
52 
 
100 
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5.3.4 UK region of participants 
Data were gathered nationally with responses obtained from both consultant 
orthodontists and consultant oral and maxillofacial surgeons from a range of areas 
(Figure 5.3 and Figure 5.4). Out of 221 consultant orthodontists who answered the 
questionnaire, 14.0% were from London and 11.8% were from Scotland. The least 
represented areas were South West Thames and Republic of Ireland by 0.9%. Out of 
52 oral and maxillofacial surgeons, 9.6% were from Scotland and 9.6% South East 
region. The least represented areas were Oxford group, Northern Ireland and North 
Wales by 1.9% for each.  
Figure 5.3: The distribution of the consultant orthodontists in UK (the regional distribution is based on 
BOS regional audit groups) 
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Figure 5.4: The distribution of the consultant oral and maxillofacial surgeons in UK (the regional 
distribution is based on BOS regional audit groups) 
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5.3.5 Number of years served as a consultant  
Out of 221 consultant orthodontists who completed the questionnaire, the number of 
years in service as a consultant ranged from 1 year to 40 years (Figure 5.5), with the 
mean time being 12.8 years (SD 8.7; 95% CI 11.6, 13.9). On the other hand, for the 
oral and maxillofacial surgeon group, the number of years in service as a consultant 
ranged from one year to 28 years (Figure 5.6), with the mean time being 12.6 years 
(SD 6.9; 95% CI 10.65, 14.55). 
Figure 5.5: Number of years in service as a consultant for orthodontists ranged from one year to 40 
years, with the mean time being 12.8 years. 
 
 
Consultant experience (years) 
 
Figure 5.6: Number of years in service as a consultant for oral and maxillofacial surgeons ranged 
from one year to 28 years, with the mean time being 12.6 years. 
 
 
Consultant experience (years) 
 | Chapter 5 – Results 46 
 
5.3.6 Number of orthognathic patients treated by participants 
The highest percentage (24.4%) of consultant orthodontists treats more than 30 
orthognathic patients on average annually. Approximately 17.2% of the consultant 
orthodontists treat 11 to 15 orthognathic patients on average per year. Around 16.3% 
of them treat 16 to 20 and 21 to 25 orthognathic patients per year (Figure, 5.7). 
Figure 5.7: The number of orthognathic patients treated by the consultant orthodontists annually. 
 
 
Of 52 oral and maxillofacial surgeons, approximately more than one-third (38%) 
treats more than 30 orthognathic patients on average per year, (15.4%) treat 16 to 20 
orthognathic patients, and (11.5%) treat 26 to 30 orthognathic patients per year. A 
smaller percentage (7.7 %) and (5.8%) treat 11 to 15 and 21 to 25 orthognathic 
patients on average per year, respectively (Figure, 5.8). 
Figure 5.8: The number of orthognathic patients treated by the consultant oral and maxillofacial 
surgeons annually. 
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5.4 Perceived benefit from surgery 
5.4.1 Consultant orthodontists versus consultant oral and maxillofacial surgeons 
From univariate mixed logistic regression (Table 5.9), there was no statistically 
significant difference between the perception of the benefit from orthognathic surgery 
between consultant orthodontists and consultant oral and maxillofacial surgeons 
(odds ratio=1.11; p=0.176; 95% CI 0.96, 1.28). Therefore, the results were combined 
to compare the perception of all the clinicians about the benefit from surgery for 
Caucasian skeletal class III profiles versus Chinese skeletal class III profiles. 
5.4.2 Caucasian silhouettes  
Each silhouette was given a double letter to be identified and referred to in the data 
analysis (Appendix 9.10). In this study, there was 22 silhouette fabricated for 
Caucasian and Chinese with maxillary manipulation or mandibular manipulation. 
One duplicate for each jaw per race was selected randomly and a total of four 
duplicate silhouettes were placed in the questionnaire. Therefore, the participants 
rated a total of 26 silhouettes.  
 
The highest rated (99.6%) for the Caucasian silhouettes and thereby most perceived 
benefit for surgery silhouette was silhouette NS and SM, representing the most 
severe degrees of maxillary retrusion and mandibular protrusion (Table 5.5). The 
lowest rated silhouettes (FS, AS and AM) demonstrate the ideal facial profile, very 
minor degrees of maxillary retrusion and mandibular protrusion, respectively.  
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Table 5.5:  Participants’ rating for the Caucasian silhouettes when asked if they think that a 
patient, presenting with this profile, would benefit from orthognathic surgery. 
 
Silhouette 
code 
Manipulation (mm) Total Agree Disagree 
N Percentage 
(%) 
N Percentage 
(%) 
FS 0 249 4 1.6 245 98.4 
 Mandible manipulated 
anteriorly (mm) 
 
AM 2 246 0 0 246 100 
EW 4 250 10 4 240 96 
RS 6 250 113 45.2 137 54.8 
MA  8 249 236 94.8 13 5.2 
NS  10 257 256 99.6 1 0.4 
 Maxilla manipulated 
posteriorly (mm) 
 
AS 2 250 4 1.6 246 98.4 
MF 4 249 16 6.4 233 93.6 
LR 6 260 234 90.0 26 10.0 
MH 8 252 248 98.4 4 1.6 
SM 10 253 252 99.6 1 0.4 
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5.4.3 Chinese silhouettes  
The highest rated (98.4%) for the Chinese silhouettes and thereby most perceived 
benefit for surgery silhouette was silhouette SC, representing the most severe 
degrees of maxillary retrusion (Table 5.5). Other highly rated (97.6%) for perceived 
benefit for surgery silhouette was silhouette ZA representing severe mandibular 
protrusion. The lowest rated silhouettes (FM, DC and SR) demonstrate the ideal 
facial profile, very minor degrees of mandibular protrusion and maxillary retrusion, 
respectively (Table 5.6).  
Table 5.6: Participants’ rating for the Chinese silhouettes when asked if they think that a 
patient, presenting with this profile, would benefit from orthognathic surgery. 
 
Silhouette 
code 
Manipulation (mm) Total Agree Disagree 
N Percentage 
(%) 
N Percentage 
(%) 
FM 0 244 4 1.6 240 98.4 
 Mandible manipulated 
anteriorly (mm) 
 
DC 2 242 9 3.7 233 96.3 
DG 4 241 51 21.2 190 78.8 
CD 6 244 153 62.7 91 37.3 
MS 8 245 213 86.9 32 13.1 
ZA 10 247 239 96.8 8 3.2 
 Maxilla manipulated 
posteriorly  (mm) 
 
SR 2 243 17 7.0 226 93.0 
GR 4 241 167 69.3 74 30.7 
MT 6 242 171 70.7 71 29.3 
SH 8 243 225 92.6 18 7.4 
SC 10 247 243 98.4 4 1.6 
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5.4.4 Caucasian versus Chinese silhouettes ratings for benefit from surgery 
The participants’ ratings for benefit from surgery were different for Caucasian and 
Chinese silhouettes. This shows that Chinese silhouettes are rated more in term of 
benefit from surgery than Caucasian silhouettes with the same degree of 
manipulation. For the maxillary manipulation of 4 mm, more than two-thirds of 
participants thought that Chinese silhouette would benefit from surgery compared to 
only 6.4% of the participants thought that Caucasian silhouette would benefit from 
surgery.  For the mandibular manipulation of 4 mm, almost one-quarter of the 
participants thought that Chinese silhouette would benefit from surgery compared to 
only 4% of the participants thought that Caucasian silhouette would benefit from 
surgery (Table 5.7).   
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Table 5.7: Comparison of participants’ rating who thought that a patient would benefit from orthognathic surgery for the Caucasian versus 
Chinese silhouettes. 
 
Manipulation (mm) Caucasian Silhouette Chinese Silhouette 
Total N Percentage (%) Total N Percentage (%) 
0 249 4 1.6 244 4 1.6 
Mandible manipulated anteriorly 
(mm) 
 
2 246 0 0 242 9 3.7 
4 250 10 4 241 51 21.2 
6 250 113 45.2 244 153 62.7 
8 249 236 94.8 245 213 86.9 
10 257 256 99.6 247 239 96.8 
Maxilla manipulated posteriorly 
(mm) 
 
2 250 4 1.6 243 17 7.0 
4 249 16 6.4 241 167 69.3 
6 260 234 90.0 242 171 70.7 
8 252 248 98.4 243 225 92.6 
10 253 252 99.6 247 243 98.4 
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5.4.5 Mixed logistic regression for benefit from surgery 
The univariate and multivariate mixed logistic regressions for the dichotomous 
outcome ‘benefit from surgery’ are shown in tables 5.8 and 5.9. All variables with 
univariate associations at p<0.25 were included in multivariate mixed logistic 
regressions for benefit from surgery. From univariate mixed logistic regression, 
consultant’s years of experience, gender, specialty, the number of orthognathic 
patients treated per year, and the consideration of the importance of an attractive 
appearance were not statistically significant factors on the benefit from surgery. 
Since there was no statistically significant difference between the perception for the 
benefit from surgery between orthodontists and oral and maxillofacial surgeons 
(odds ratio=1.11; p=0.176; 95% CI 0.96, 1.28), the results were combined to 
compare all the clinicians’ perception for the benefit from surgery for Caucasian 
skeletal class III profiles versus Chinese skeletal class III profiles. The silhouette’s 
race was featured as highly statistically significant factor on the benefit from surgery 
(p<0.001).  
From multivariate mixed logistic regressions (Table 5.9), the odds of perceived 
benefit from surgery: 
 Decreased by 1% for each year increase in experience of consultant 
 Was 32% greater for oral and maxillofacial surgeons than orthodontists 
 Was 8% greater for number of orthognathic patients the consultants treat 
 Increased 2.87 times for Chinese silhouette than Caucasian silhouette 
 Were 2.5 times higher for the silhouette that had 2 mm manipulation of maxilla 
compared to the silhouette with the same degree of manipulation in the 
mandible 
 Were 9 times higher for the silhouette that had 4 mm manipulation of maxilla 
compared to the silhouette with the same degree of manipulation in the 
mandible. 
 For the manipulation of 6 mm, 8 mm and 10 mm, there was a general 
tendency among participants to recommend the surgery more if the 
manipulated jaw was the maxilla. 
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Table 5.8:  Univariate mixed logistic regression for benefit from surgery 
 
Variable Odds ratio 95% confidence interval P-value 
Years as a consultant 1.00 0.99, 1.00 0.134 
Gender (female vs. male) 1.02 0.91, 1.14 0.738 
Specialty (oral and maxillofacial vs. orthodontics) 1.11 0.96, 1.28 0.176 
Number of orthognathic patients treated per year* 1.02 0.99, 1.05 0.131 
Importance of attractive appearance 0.99 0.92, 1.06 0.772 
Race of image (Chinese vs. Caucasian) 1.35 1.22, 1.52 <0.001 
Manipulation (vs. none) 
Maxillary   2 mm 2.78 1.21, 6.41 0.016 
Maxillary   4 mm 77.67 37.17, 162,33 <0.001 
Maxillary   6 mm 540.37 253.63,1151.25 <0.001 
Maxillary   8 mm 3464.42 1484.90, 8082.85 <0.001 
Maxillary 10 mm 16633.93 5277.99, 52422.96 <0.001 
Mandibular   2 mm 1.13 0.43, 2.99 0.799 
Mandibular   4 mm 9.58 4.48, 20.48 <0.001 
Mandibular   6 mm 114.19 54.57, 238.95 <0.001 
Mandibular   8 mm 1477.49 670.59, 3255.17 <0.001 
Mandibular 10 mm 9145.34 3408.75, 24536.08 <0.001 
* Coefficient refers to increase of 1 category in groupings of 5 patients (0-5, 6-10, etc.) 
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Table 5.9: Multivariate mixed logistic regressions for benefit from surgery. All variables with univariate associations at p<0.25 included. 
 
Variable Odds ratio 95% confidence interval P-value 
Years as a consultant 0.99 0.97, 1.01 0.240 
Specialty (oral and maxillofacial surgeon vs. orthodontics) 1.32 0.81, 2.16 0.261 
Number of orthognathic patients treated per year* 1.08 0.98, 1.19 0.125 
Race of image (Chinese vs. Caucasian) 2.87 2.34, 3.52 <0.001 
Manipulation (vs. none) 
Maxillary   2 mm 2.84 1.22, 6.58 0.015 
Maxillary   4 mm 92.56 43.91, 195.11 <0.001 
Maxillary   6 mm 733.82 340.03, 1583.67 <0.001 
Maxillary   8 mm 5063.43 2135.16, 12007.66 <0.001 
Maxillary 10 mm 24755.43 7745.75, 79118.34 <0.001 
Mandibular   2 mm 1.14 0.43, 3.01 0.798 
Mandibular   4 mm 10.19 4.73, 21.93 <0.001 
Mandibular   6 mm 140.37 66.45, 296.50 <0.001 
Mandibular   8 mm 2080.58 930.32, 4652.69 <0.001 
Mandibular 10 mm 13591.50 4987.55, 37038.01 <0.001 
* Coefficient refers to increase of 1 category in groupings of 5 patients (0-5, 6-10, etc.)
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5.5 Perceived attractiveness of silhouettes 
5.5.1 Caucasian silhouettes  
There was no statistically significant difference between rating the attractiveness of 
the silhouettes between orthodontists and oral and maxillofacial surgeons 
(regression coefficient=0.02; p=0.813; 95% CI -0.12, 0.15); therefore, the results 
were combined to compare all the clinicians’ rating the attractiveness of the 
Caucasian and Chinese silhouettes. The highest rated for the Caucasian silhouettes 
and thereby most attractive perceived silhouette was silhouette AM, representing the 
facial profile with very minor mandibular prominence (mandible manipulated 2 mm 
anteriorly) (Figure 5.9). This was followed by AS (maxilla manipulated 2 mm 
posteriorly) and then the third highly ranked as most attractive silhouette was FS 
which represents the ideal facial profile. The lowest rated silhouettes (NS and SM) 
demonstrate the most severe degrees of maxillary retrusion and mandibular 
protrusion (Table, 5.10). 
 
Figure 5.9 Participants rated AM as the most attractive, SM and NS as the lease attractive Caucasian 
silhouettes 
 
  
 | Chapter 5 – Results 56 
 
Table 5.10: Participants’ rating for the Caucasian silhouettes, when asked how they would 
rate the attractiveness on 7-point Likert scale. 
 
Silhouette 
code 
Manipulation (mm) Total Likert scale 
Minimum 
Score 
Maximum 
Score 
Mean 
(95% CI) 
Standard 
Deviation 
FS 0 249 3 7 5.39 
(5.29, 5.49) 
0.80 
 Mandible manipulated 
anteriorly (mm) 
 
AM 2 246 3 7 5.52 
(5.42, 5.62) 
0.78 
EW 4 250 3 7 4.92 
(4.82, 5.03) 
0.83 
RS 6 250 2 6 3.76 
(3.65, 3.86) 
0.83 
MA 8 248 1 5 2.58 
(2.49, 2.67) 
0.72 
NS 10 257 1 5 2.10 
(2.01, 2.19) 
0.77 
 Maxilla manipulated 
posteriorly (mm) 
 
 
AS 2 250 2 7 5.47 
(5.36, 5.57) 
0.84 
MF 4 249 2 7 4.72 
(4.61, 4.83) 
0.86 
LR 6 261 1 7 3.07 
(2.97, 3.16) 
0.78 
MH 8 257 1 5 2.65 
(2.56, 2.75) 
0.76 
SM 10 253 1 5 1.99 
(1.09, 2.08) 
0.72 
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5.5.2 Chinese silhouettes  
The highest rated for the Chinese silhouettes and thereby most attractive perceived 
silhouette was FM, representing ideal facial profile (Figure 5.10). Other highly rated 
images exhibited minor degrees of mandibular protrusion (DC) or maxillary retrusion 
(SR). The lowest rated silhouettes (ZA and SC) demonstrate the most severe 
degrees of maxillary retrusion and mandibular protrusion respectively (Table 5.11). 
Figure 5.10 Participants rated FM as the most attractive, ZA and SC as the lease attractive Chinese 
silhouettes 
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Table 5.11: Participants’ rating for the Chinese silhouettes, when asked how they would rate 
the attractiveness on 7-point Likert scale. 
 
Silhouette code Manipulation (mm) Total Likert scale 
Minimum 
Score 
Maximum 
Score 
Mean 
(95% CI) 
Standard 
Deviation 
FM 0 244 3 6 4.79 
(4.69, 4.90) 
0.80 
 Mandible manipulated 
anteriorly (mm) 
 
DC 2 242 3 6 4.63 
(4.53, 4.73) 
0.77 
DG 4 241 2 6 3.88 
(3.77, 3.99) 
0.85 
CD 6 244 1 5 3.08 
(2.98, 3.17) 
0.76 
MS 8 245 1 4 2.49 
(2.39, 2.59) 
0.77 
ZA 10 247 1 4 1.85 
(1.79, 1.93) 
0.71 
 Maxilla manipulated 
posteriorly (mm) 
 
SR 2 243 2 6 4.26 
(4.16, 4.36) 
0.79 
GR 4 247 1 4 2.42 
(2.32, 2.52) 
0.80 
MT 6 242 1 5 2.98 
(2.90, 3.06) 
0.65 
SH 8 243 1 4 2.38 
(2.29, 2.46) 
0.67 
SC 10 247 1 4 1.85 
(1.75, 1.95) 
0.77 
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5.5.3 Caucasian versus Chinese silhouettes  
To summarise the previous two sections, table 5.12 demonstrates a comparison of 
participants’ ratings for the Caucasian and Chinese silhouettes. This shows that 
Caucasian silhouettes are rated higher in term of level of attractiveness than 
Chinese silhouettes with the same degree of manipulation. For the maxillary 
manipulation of 2 mm compared with 4 mm, the participants’ rating for attractiveness 
changed from 5.47 to 4.72 for Caucasian silhouettes and 4.26 to 2.42 for the 
Chinese silhouettes.   
Table 5.12: Comparison of participants’ rating for attractiveness for Caucasian versus 
Chinese silhouettes 
 
Manipulation (mm)            Caucasian Silhouettes                              Chinese Silhouettes 
Mean 
(95% CI) 
Standard 
Deviation 
Mean 
(95% CI) 
Standard 
Deviation 
0 5.39 
(5.29, 5.49) 
0.80 4.79 
(4.69, 4.90) 
0.80 
 Mandible manipulated anteriorly  
                         (mm) 
2 5.52 
(5.42, 5.62) 
0.78 4.63 
(4.53, 4.73) 
0.77 
4 4.92 
(4.82, 5.03) 
0.83 3.88 
(3.77, 3.99) 
0.85 
6 3.76 
(3.65, 3.86) 
0.83 3.08 
(2.98, 3.17) 
0.76 
8 2.58 
(2.49, 2.67) 
0.72 2.49 
(2.39, 2.59) 
0.77 
10 2.10 
(2.01, 2.19) 
0.77 1.85 
(1.79, 1.93) 
0.71 
 Maxilla manipulated posteriorly  
                         (mm) 
2 5.47 
(5.36, 5.57) 
0.84 4.26 
(4.16, 4.36) 
0.79 
4 4.72 
(4.61, 4.83) 
0.86 2.42 
(2.32, 2.52) 
0.80 
6 3.07 
(2.97, 3.16) 
0.78 2.98 
(2.90, 3.06) 
0.65 
8 2.65 
(2.56, 2.75) 
0.76 2.38 
(2.29, 2.46) 
0.67 
10 1.99 
(1.09, 2.08) 
0.72 1.85 
(1.75, 1.95) 
0.77 
 | Chapter 5 – Results 60 
 
 
5.5.4 Mixed linear regression for attractiveness rating 
The univariate and multivariate mixed linear regressions for attractiveness rating are 
shown in tables 5.13 and 5.14. Since there was no statistically significant difference 
between rating the attractiveness of the silhouettes between orthodontists and oral 
and maxillofacial surgeons (regression coefficient=0.02; p=0.813; 95% CI -0.12, 
0.15), the results were combined to compare all the clinicians’ rating the 
attractiveness of the Caucasian and Chinese silhouettes. All variables with univariate 
associations at p<0.25 were included in multivariate mixed linear regressions for 
participants’ rating for attractiveness. From univariate mixed linear regression, 
consultant’s years of experience, gender, specialty, the number of orthognathic 
patients treated per year, and the consideration of the importance of an attractive 
appearance were not statistically significant factors on rating the attractiveness of the 
silhouettes. However, the silhouette’s race was highly statistically significant factor 
on rating the attractiveness (p<0.001). The ratings of Chinese silhouettes are 0.68 of 
a level of Likert scale less than the ratings of the Caucasian silhouettes. For the type 
of manipulation, all maxillary manipulated silhouettes were considered less attractive 
than mandibular manipulated silhouette with the same degree of manipulation.  From 
multivariate mixed linear regressions (Table 5.14), the rating of silhouette 
attractiveness: 
 Decreased by 0.02 of a level of Likert scale for each year increase in 
experience of consultant 
 Decreased by 0.02 of a level of Likert scale the more number of orthognathic 
patients the consultants treat 
 Decreased by 0.68 of a level of Likert scale for Chinese silhouette compared 
to Caucasian silhouette 
 All maxillary manipulated silhouettes were considered less attractive than 
mandibular manipulated silhouette with the same degree of manipulation 
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Table 5.13: Univariate mixed linear regression for attractiveness rating. 
 
Variable Regression coefficient (gradient) 95% confidence interval P-value 
Years as a consultant  0.0007 (-0.006, 0.007) 0.838 
Gender (female vs. male)  0.02 (-0.09, 0.12) 0.731 
Specialty (oral and maxillofacial vs. orthodontics)  0.02 (-0.12, 0.15) 0.813 
Number of orthognathic patients treated per year* -0.02 (-0.05, 0.003) 0.086 
Importance of attractive appearance  0.06 (-0.01, 0.13) 0.080 
Race of image (Chinese vs. Caucasian) -0.68 (0.61, 0.75) <0.001 
Manipulation (vs. none) 
Maxillary   2 mm -0.23 (-0.33, -0.12) <0.001 
Maxillary   4 mm -1.52 (-1.63, -1.42) <0.001 
Maxillary   6 mm -2.08 (-2.18, -1.98) <0.001 
Maxillary   8 mm -2.58 (-2.69, -2.48) <0.001 
Maxillary 10 mm -3.18 (-3.28, -3.08) <0.001 
Mandibular   2 mm -0.02 (-0.12, 0.09) 0.752 
Mandibular   4 mm -0.68 (-0.79, -0.58) <0.001 
Mandibular   6 mm -1.68 (-1.78, -1.58) <0.001 
Mandibular   8 mm -2.56 (-2.66, -2.46) <0.001 
Mandibular 10 mm -3.13 (-3.23, -3.03) <0.001 
* Coefficient refers to increase of 1 category in groupings of 5 patients (0-5, 6-10, etc.)  
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Table 5.14:  Multivariate mixed linear regressions for attractiveness rating. All variables with univariate associations at p<0.25 were included. 
 
Variable Regression coefficient (gradient) 95% confidence interval P-value 
Number of orthognathic patients treated per year* -0.02 (-0.05, 0.01) 0.127 
Importance of attractive appearance 0.05 (-0.01, 0.12) 0.119 
Race of image (Chinese vs. Caucasian) -0.68 (0.64, 0.72) <0.001 
Manipulation (vs. none) 
Maxillary   2 mm -0.23 (-0.32, -0.14) <0.001 
Maxillary   4 mm -1.52 (-1.61, -1.43) <0.001 
Maxillary   6 mm -2.09 (-2.18, -1.99) <0.001 
Maxillary   8 mm -2.59 (-2.68, -2.49) <0.001 
Maxillary 10 mm -3.18 (-3.27, -3.09) <0.001 
Mandibular   2 mm -0.02 (-0.11, 0.08) 0.722 
Mandibular   4 mm -0.69 (-0.78, -0.59) <0.001 
Mandibular   6 mm -1.68 (-1.77, -1.58) <0.001 
Mandibular   8 mm -2.56 (-2.65, -2.47) <0.001 
Mandibular 10 mm -3.13 (-3.22, -3.04) <0.001 
* Coefficient refers to increase of 1 category in groupings of 5 patients (0-5, 6-10, etc.) 
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5.5.5 Most attractive and least attractive silhouettes 
The overall data collected showed that the most attractive profile was AM, 
Caucasian silhouette with mandible manipulated 2 mm anteriorly. The first four 
attractive silhouettes were Caucasian silhouettes. The least attractive silhouette was 
SC, which is Chinese silhouette with 10 mm mandible manipulation. The data is 
shown in table 5.15. 
Table 5.15: Consultants ratings for profile attractiveness in descending order from most to 
least attractive silhouette 
 
Silhouette 
code 
Race Manipulation 
(mm) 
Jaw Mean 95% Confidence 
Intervals 
AM Caucasian 2 Mandible 5.52 (5.42, 5.62) 
AS Caucasian 2 Maxilla 5.47 (5.36, 5.57) 
FS Caucasian 0 - 5.39 (5.29, 5.49) 
EW Caucasian 4 Mandible 4.92 (4.82, 5.03) 
FM Chinese 0 - 4.79 (4.69, 4.90) 
MF Caucasian 4 Maxilla 4.72 (4.61, 4.83) 
DC Chinese 2 Mandible 4.63 (4.53, 4.73) 
SR Chinese 2 Maxilla 4.26 (4.16, 4.36) 
DG Chinese 4 Mandible 3.88 (3.77, 3.99) 
RS Caucasian 6 Mandible 3.76 (3.65, 3.86) 
CD Chinese 6 Mandible 3.08 (2.98, 3.17) 
LR Caucasian 6 Maxilla 3.07 (2.97, 3.16) 
MT Chinese 6 Maxilla 2.98 (2.90, 3.06) 
MH Caucasian 8 Maxilla 2.65 (2.56, 2.75) 
MA Caucasian 8 Mandible 2.58 (2.49, 2.67) 
MS Chinese 8 Mandible 2.49 (2.39, 2.59) 
GR Chinese 4 Maxilla 2.42 (2.32, 2.52) 
SH Chinese 8 Maxilla 2.38 (2.29, 2.46) 
NS Caucasian 10 Mandible 2.10 (2.01, 2.19) 
SM Caucasian 10 Maxilla 1.99 (1.09, 2.08) 
ZA Chinese 10 Maxilla 1.85 (1.79, 1.93) 
SC Chinese 10 Mandible 1.85 (1.75, 1.95) 
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6 Discussion 
6.1 Introduction 
This study was a cross-sectional survey conducted from April 2015 to July 2015. The 
questionnaire was distributed to all consultant orthodontists and consultant oral and 
maxillofacial surgeons in United Kingdom using the mailing lists of the British 
Orthodontic Society (BOS) and British Association of Oral and Maxillofacial 
Surgeons (BAOMS), respectively. This study aimed to investigate the impact of 
patients’ race on influencing whether clinicians perceive a facial benefit from 
orthognathic surgery in patients with class III skeletal bases.  
 
In comparison to Caucasians, Chinese people have a less convex profile, the upper 
lip is more protrusive, the nasiolabial angle is less obtuse and the maxillary position 
is retruded(69). These are the features of class III skeletal profile for a Caucasian 
patient. Therefore, it was interesting to explore whether the clinicians appreciate this 
racial anatomical variations or if they recommend the surgery based on Caucasian 
norms. This study was therefore focused on exploring whether patients’ racial 
differences influence clinicians when recommending surgery to their patients. 
6.2 Summary of findings 
This section will summarise the most important findings of this study.  
 The overall response rate for this study was 273 (66.1%).  
 Consultant orthodontists’ group response rate was 221 (70.1%) and oral and 
maxillofacial surgeon group response rate was 52 (53%). 
 The majority of participants (82%) were White British and White Irish 
consultant orthodontists and consultant oral and maxillofacial surgeons.  
 From univariate mixed logistic regression, there was no statistically significant 
difference between the perception of the benefit from orthognathic surgery 
between consultant orthodontists and consultant oral and maxillofacial 
surgeons (odds ratio=1.11; p=0.176; 95% CI 0.96, 1.28). 
 The silhouette’s race was found to be a highly statistically significant factor 
related to the perceived benefit from surgery (p<0.001). The odds of clinicians 
perceiving a benefit from surgery and therefore recommending an 
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orthognathic surgery increased 2.87 times for a Chinese silhouette than a 
Caucasian silhouette with class III skeletal bases. 
 Consultant’s years of experience, gender, specialty, the number of 
orthognathic patients treated per year, and the consideration of the 
importance of an attractive appearance were not statistically significant factors 
on their decision to perceive a benefit from orthognathic surgery. 
 From the multivariate mixed logistic regressions analysis for the odds of 
perceived benefit from surgery, there was a general tendency among 
participants to recommend the surgery more if the manipulated jaw was the 
maxilla. All maxillary manipulated silhouettes were considered less attractive 
than mandibular manipulated silhouette with the same degree of 
manipulation. 
 For maxillary manipulated silhouettes, more than two-thirds of participants 
thought that Chinese silhouette would benefit from surgery compared to only 
6.4% of the participants thought that Caucasian silhouette would benefit from 
surgery.  
 There was no statistically significant difference between rating the 
attractiveness of the silhouettes between orthodontists and oral and 
maxillofacial surgeons (regression coefficient=0.02; p=0.813; 95% CI -0.12, 
0.15), the results were combined to compare all the clinicians’ rating the 
attractiveness of the Caucasian and Chinese silhouettes. 
 Consultant’s years of experience, gender, specialty, the number of 
orthognathic patients treated per year, and the consideration of the 
importance of an attractive appearance were not statistically significant factors 
on rating the attractiveness of the silhouettes.  
 The silhouette’s race was highly statistically significant factor on rating the 
attractiveness (p<0.001). The ratings of Chinese silhouettes are 0.68 of a 
level of Likert scale less than the ratings of the Caucasian silhouettes.  
 The participants of this study considered the Caucasian profile more attractive 
than the Chinese profile. 
These findings suggest that clinicians, who majority of them were White, prefer the 
Caucasian profile and rated a perceived benefit from orthognathic surgery for 
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Chinese profiles based on the Caucasian norms. Therefore, these clinicians might 
tend to offer surgery for Chinese patient more often than Caucasian patients. 
6.3 Comparisons with other studies 
6.3.1 Benefit from surgery 
In this study, there was no statistically significant difference between the perception 
for the facial benefit from orthognathic surgery between consultant orthodontists’ and 
consultant oral and maxillofacial surgeons (odds ratio=1.11; p=0.176; 95% CI 0.96, 
1.28). These findings are similar to other studies(81,(82, 98) reported in the literature 
that showed a general agreement between orthodontists and oral and maxillofacial 
surgeons regarding the patients’ benefit from orthognathic surgery.  This contradict 
findings the by Arpino et al(99) that orthodontists are more tolerant to facial changes 
than oral and maxillofacial surgeons. However, the Arpino’s study involved a very 
small sample size (only three orthodontists and three oral surgeons). Almeida et 
al(84) reported that oral and maxillofacial surgeons were more likely to indicate ahead 
for orthognathic surgery than laypersons and orthodontists.  However, the question 
in that study was slightly different to our study which was would you seek facial 
surgery if profiles were your own? This would affect the participants’ judgement 
when answering the questions.   
 
The silhouette’s race was a highly statistically significant factor on the benefit from 
surgery (p<0.001). The odds of clinicians perceiving a benefit from surgery and 
therefore recommending an orthognathic surgery increased 2.87 times for a Chinese 
silhouette than a Caucasian silhouette with class III skeletal bases. With regards to 
degree of manipulation and silhouettes’ race, more than two-thirds of clinicians 
thought that Chinese silhouette would benefit from surgery compared to only 6.4% of 
the clinicians thought that Caucasian silhouette would benefit from surgery for the 
maxillary manipulation of 4 mm. There has been no previous study to compare these 
finding to it. One study(84) however has previously compared Whites to Black patients 
and found no significant difference among clinicians in terms of the perception for 
benefit from orthognathic surgery. 
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Consultant’s years of experience, gender, specialty, the number of orthognathic 
patients treated per year, and the consideration of the importance of an attractive 
appearance were not statistically significant factors on their perception of benefit 
from orthognathic surgery. These findings agree with those of a similar study 
conducted in United Kingdom by Hodge et al(100), which showed that neither the 
consultant's sex nor the year of qualification seemed to affect this decision. 
However, they found that the more orthognathic patients a consultant orthodontist 
treats per year, the more likely he or she is to recommend surgery. On the other 
hand, Naini et al(82) found that observer age, gender, featured as statistically 
significant factors on the desire for surgery.  
 
This study explored the extent to which maxillary retrusion or mandibular 
prognathism influences whether clinicians recommend surgery to patients. From the 
multivariate mixed logistic regressions analysis for the odds of benefit from surgery, 
there was a general tendency among participants to recommend the surgery more if 
the manipulated jaw was the maxilla. There was no previous study that have 
compared the maxillary to mandibular manipulation and their effect on participants’ 
clinical judgment. Communication with those working in this area to establish any 
future silhouette studies that include maxillary manipulation confirmed that this study 
as far as they were aware would be original(101).  
6.3.2 Perception of attractiveness 
Facial attractiveness is a multifactorial concept. It would be interesting to explore the 
clinicians’ factor that might affect their perception of attractiveness. In this study, 
consultant’s years of experience, gender, specialty, the number of orthognathic 
patients treated per year, and the consideration of the importance of an attractive 
appearance were not statistically significant factors on rating the attractiveness of the 
silhouettes. Moreover, there was no statistically significant difference between the 
consultant orthodontists and oral and maxillofacial surgeons. An unpublished 
thesis(102) carried out at University of Alabama at Birmingham found that the rater 
category (layperson, orthodontists and oral surgeons) had no effect on the facial 
attractiveness rating. This contradicts the finding by Naini et al(82) that observer age, 
gender, consideration of the importance of an attractive appearance, and the 
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consideration of the importance of an attractive were statistically significant factors 
on the rating the attractiveness. However, Naini et al(82) study had a smaller sample 
size of only 35 clinicians involved, which makes the study conclusions weaker. 
The silhouette’s race was a highly statistically significant factor on rating the 
attractiveness (p<0.001). The clinicians considered the Caucasian profile more 
attractive than the Chinese profile. Berstein et al(103) looked at the cross versus within 
racial judgment of attractiveness and found that Black and White aesthetic criteria 
were more like one another than were Chinese and White criteria.  
An interesting finding was that the most attractive profile perceived by participants 
was AM (mandible manipulated 2 mm anteriorly). This contradicts the findings by 
Naini et al(81) and Johnston et al(104) studies that found that participants preferred the 
ideal profile. However, there was a very small difference between AM and the ideal 
profile. Therefore, this finding should be interpreted with caution. 
A study(105) that involved rating of facial attractiveness of end-of-treatment facial 
photographs of 43 White patients and 48 Chinese patients by pairs of White and 
Chinese orthodontists. They found that the pair of Chinese orthodontists agreed with 
each other slightly better on average when ranking Chinese patients. Also, the pair 
of White orthodontists agreed with each other slightly better on average when 
ranking white American patients, but the overall differences were small. This 
highlights the effect of clinician’s ethnic background on their perception of 
attractiveness; however, the sample size of the clinicians of that study was small (2 
White and 2 Chinese orthodontists) to be able to draw definitive conclusions. 
Unfortunately, majority of participants in our study was were White Caucasians with 
small numbers of other ethnic groups. Therefore, the effect of clinician’s ethnic 
background could not be explored. 
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6.4 Limitations of study 
6.4.1 Response rate  
The average response rate reported in the dental literature was 64 per cent(106). In 
the current study, the response rate of the consultant orthodontists group was 
70.1%, which is higher than the average response rate. This can be explained by 
several reasons. First of all the use of adjunct postal questionnaire, and the 
questionnaires were signed by a consultant orthodontist (N.F). In addition, the follow 
up of non responders, the use of colours in the booklet and the fact that the 
questionnaire came from a university might contributed this increased response 
rate(92).  
 
For the oral and maxillofacial surgeon group, the response rate was 53%, which was 
slightly lower than the average response rate of dental questionnaires(106). The fact 
that we could not follow up of non responders and limited number of reminders sent 
by the BAOMS might explain this low response rate. We would anticipate if the 
questionnaires had been sent out by post for the oral and maxillofacial surgeons as 
well as web-based , the response rate might be higher.  
 
The BAOMS regulations were to send web-based questionnaires only; therefore, we 
were not able to use the sequential mixed mode for the oral and maxillofacial 
surgeons group. The only way to overcome this was by getting a full list of oral and 
maxillofacial surgeons with their contact details. However, this would have been very 
difficult to obtain a complete list of oral and maxillofacial surgeons who are interested 
in orthognathic surgery other than through the BAOMS, which is bound by data 
protection law in the use of its membership details and mailing lists. 
6.4.2 Validity of measures 
The sole use of silhouettes to decide the benefit from orthognathic surgery did not 
mimic a real-life situation. The clinical judgment for the benefit from surgery would be 
based on the patient’s chief complaint. In an ideal case scenario, the clinician would 
have all the patient records in order to evaluate the benefit for surgery, especially for 
borderline cases. However, it was not possible to mimic every clinical scenario and 
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the current study was particularly interested on the effect of the patient’s race to 
recommend surgery for the patients. 
 
The use of a 7 point Likert scale was found to have equivalent construct validity to 
Visual Analogue Scale in sports medicine(107) and it is widely used in psychology 
literature(74). It offers a reasonable comparison between the web-based and paper 
questionnaire. This is due to the fact that web-based questionnaires could be 
completed on a computer desktop or laptop, a tablet or a smart phone. This might 
potentially affects the results of the study if we used a Visual Analogue Scale. 
6.4.3 Reliability of measures 
There was a significant difference in the clinicians’ ratings for the borderline 
silhouette (GR) and its duplicate (Table 5.2). In the questionnaire, silhouette GR was 
after a 10 mm manipulated mandible silhouette and the duplicate was after a 2 mm 
manipulated maxilla silhouette. This was rated lower for the benefit from surgery 
when it followed a large manipulated silhouette and higher when it followed a slightly 
manipulated silhouette.  
 
The implications of this finding are that if a new patient clinic were to be full of severe 
cases, this might affect the clinician’s judgment for borderline cases. The clinician 
would be more inclined not to offer an orthognathic surgery for borderline cases. 
Conversely, if a new patient clinic were full of mild cases, a clinician might tend to 
offer the orthognathic surgery for borderline case. This might be explained by the 
occurrence of priming which is the implicit memory effect in which the exposure to 
one stimulus would affect the response to other stimulus. There are different types of 
priming but the simplest example to this concept may be a word fragment completion 
task. The participants of this test would easily identify the word “nurse” if it was 
followed by the word “doctor” than when it was followed by the word “butter”(108).  
  
 | Chapter 6 – Discussion 71 
 
6.5 Discussion of the methods 
6.5.1 Target Groups  
The decision for orthognathic surgery is usually made through joint orthodontic- 
surgical clinics that involve collaborative work between consultant orthodontists and 
maxillofacial surgeons. Therefore, this questionnaire involved both consultant 
orthodontists and consultant maxillofacial surgeons. To make the results of this study 
generalisable, the questionnaire was sent to all consultant orthodontists and 
maxillofacial surgeons in the United Kingdom. It would be interesting to expand the 
study into other countries to give an idea as to whether the ethnic background of the 
clinicians influenced their responses. In my study the sample was too homogenous 
with mainly White British participants.  
6.5.2 Sequential mixed mode 
The sequential mixed-mode design has been reported to be successful in increasing 
overall response rate when used in distributing the questionnaire to medical 
nurses(109). It has been found that response rate can be improved even further by 
offering an alternative response format for participants especially if participants have 
a mode preference(110). Therefore, the decision was made to use a mixed mode 
approach. The sequential mixed mode found to be very effective in terms of 
achieving a very good response rate.  
 
In this study, the response rate was 70.1% when the sequential mixed mode 
approach was used for the consultant orthodontic group compared to the response 
rate was 53% when web-based mode was used for the consultant oral and 
maxillofacial surgeons group. We might expect that response rate could be improved 
still further by offering an alternative response format for oral and maxillofacial group, 
although the relatively high response orthodontist may be due to other factors for 
example the letter was signed by an orthodontist and not by an oral and maxillofacial 
surgeon. Fewer reminders being sent compared to orthodontists group might explain 
the lower response rate among oral maxillofacial surgeons. This could not be helped 
because we did not have any control on the number of reminders sent by the 
secretaries of BOS or BAOMS. 
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6.5.3 Design of the questionnaire 
Various measures were taken to increase the response rate. There are many 
strategies learned from previous research that could increase the response rate. 
These can be related to the questionnaire design with regard to its content, length, 
type of questions and format of questions(111). The length of the questionnaire affects 
the response rate; for instance, a comparison of questionnaires of varying length 
found a threshold of 1,000 words, above which response rates start to drop off(112). 
Previous literature(113-116) concurs with this finding that the shorter the questionnaire, 
the higher the response rate. The word count for our questionnaire was 1,557 words 
however the questions were repeated for every silhouette so the participants scan 
through the silhouettes smoothly. In addition, evidence indicates that the use of 
closed-ended questions, rather than open-ended questions, increases the response 
rate by 22 per cent(117). The current study used questions in a closed-ended format 
and as few as possible silhouettes. We piloted it in a group of University of Liverpool 
Dental hospital consultants and registrars to make sure it was reasonable. 
 
The design of the web-based questionnaire followed design standards suggested by 
Crawford et al.(91) to increase the response rate. These strategies were previously 
discussed in section 2.5. The content of the wed-based and paper questionnaires 
was the same; however, the format for the paper version was developed using 
Microsoft Word and following strategies suggested by Edward et al.(92) to improve 
the postal questionnaire response rate. For this study, the paper copy of the 
questionnaire was printed in coloured ink and first class, stamped return envelopes 
were used to increase the response rate(92). In addition, Liverpool University, BOS 
and BAOMS logos were used at the cover page of the invitation letter and the 
questionnaire because questionnaires originating from universities were more likely 
to be returned than those from other sources such as commercial organisations(92). 
The participants were contacted via invitation letter before sending the questionnaire 
because it was found that a higher response rate would be obtained when the 
participant contacted earlier (92). 
 
One of the most important factors, which has been identified as being associated 
with higher response rates, is that the topic of the study should be relevant to the 
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participants’ profession(92). A recent literature review of conducting questionnaires 
among physicians by Flanigan et al.(118) reported that a higher response rate was 
obtained for questionnaires concerning physicians’ attitudes about issues relevant to 
their practice of medicine(116). The current study could be seen as being related to 
clinicians’ everyday practice thus a high response rate may be expected. 
 
With regards to completion rate of the questionnaires, the web-based mode had 94% 
completed questionnaires compared to paper mode which had 72% completed 
questionnaires. This concurs with previous studies which have found that 
questionnaires sent by e-mail have fewer incomplete answers compared to the same 
questionnaires sent by postal mail or fax(88). 
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6.6 Future area of research 
It would be interesting to repeat this study for Chinese orthodontists and oral and 
maxillofacial surgeons to compare their responses with our findings. Currently I am 
supervising an undergraduate student for her elective study project. The project will 
involve repeating this study in Hong Kong to explore the Chinese clinicians’ 
responses in comparison to the UK clinicians. This study can be repeated to different 
racial groups. Also, the effect of priming can be explored by ordering the silhouettes 
intentionally rather than simple random order. 
 
In addition, the use of frontal as well as profile patients’ photographs instead of 
silhouettes and different patients rather than computer-manipulated images. 
However, confounding factors should be considered. These confounding factors can 
be the facial height, the chin prominence, the chin to throat length, the nasiolabial 
angle, and all other facial angle that might affect clinician judgment.  
 
There has been advances in the three dimensional (3D) imaging techniques for 
example 3D laser scanning and stereophotogrammetry. They can be used in 
orthodontics for treatment planning and review development of dentition and skeletal 
pattern(119). They also can be used in orthodontic research because they would have 
more reflection of the real life situation. However, these 3D imaging techniques 
require expensive software, staff training and can be time consuming. 
 
This study involved the use of female silhouettes so it would be interesting if we 
could repeat it for Caucasian and Chinese males and compare the findings.  
Laypersons and orthognathic patients should be involved in a study of this type 
because orthognathic surgery is an elective procedure. Therefore, clinicians should 
be driven by patients’ aesthetic view as well as their clinical judgment. Previous 
studies(8) showed that orthognathic patients have different perception with regards to 
aesthetic views than clinician. Therefore, future studies should consider also this 
difference and involve orthognathic patients as a participant group. 
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7 Conclusions 
 
The results of this investigation indicate there is no statistically significant difference 
between the perception for the benefit from orthognathic surgery between consultant 
orthodontists’ and consultant oral and maxillofacial surgeons (p=0.176). The answer 
to our research question, which was: “Does the racial background of the patient 
influence clinicians’ perception of the benefit from orthognathic surgery in patients 
presenting with class III skeletal discrepancies?”, is therefore “Yes”. The odds of 
clinicians perceiving a benefit from surgery and therefore recommending an 
orthognathic surgery increased 2.87 times for a Chinese silhouette than a Caucasian 
silhouette with class III skeletal bases (p<0.001). 
 
Consultant’s years of experience, gender, specialty, the number of orthognathic 
patients treated per year, and the consideration of the importance of an attractive 
appearance were not statistically significant factors on their decision to perceive a 
benefit from orthognathic surgery nor rating the attractiveness of the silhouettes. 
 
From the multivariate mixed logistic regressions analysis for the odds of benefit from 
surgery, there was a general tendency among participants to recommend the 
surgery more if the manipulated jaw was the maxilla. For the maxillary manipulation 
of 4 mm, more than two-thirds of clinicians thought that Chinese silhouette would 
benefit from surgery compared to only 6.4% of the clinicians thought that Caucasian 
silhouette would benefit from surgery.  
The clinicians considered the Caucasian profile more attractive than the Chinese one 
(regression coefficient -0.68; CI 0.61, 0.75; p<0.001). From the multivariate mixed 
linear regressions analysis for attractiveness rating, the ratings of Chinese 
silhouettes were 0.68 of a level of Likert scale less than the ratings of the Caucasian 
silhouettes. All maxillary manipulated silhouettes were considered less attractive 
than mandibular manipulated silhouette with the same degree of manipulation. 
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9.1 Caucasian soft tissue norms 
Figure 9.1.1: Caucasian adult male profile based on Farkas et al. (67) 
 
 
 
Table 9.1.1: Facial soft tissue anthropometric landmarks definition based on Farkas 
et al. (64) (65) (66) (67) 
 
Soft tissue 
anthropometric 
landmarks 
Definition 
Trichion (tr) The most superior point on the forehead at the junction with the 
hairline. 
Soft tissue glabella (g') The most prominent point between the eyebrows in the midsagittal 
plane of the forehead. 
Soft tissue nasion (n') The point of greatest concavity in the midline between the forehead 
and the nose. 
Soft tissue menton (me') The lowest median landmark on the lower border of the mandible. 
Subnasale (sn) The point located at the base of the nose. 
Zygion (zy) The most lateral point of each zygomatic arch. 
Cheilion (ch) The point in the junction between the upper and lower lips. 
Alare (al) The most lateral point of the lateral contour of the ala of the nose. 
Exocanthion (ex) The most lateral point at the junction between the upper and lower 
eyelids. 
Endocanthion (en) The medial point at the junction between the upper and lower 
eyelids. 
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Table 9.1.2: Soft tissue measurements for Caucasian males and females by Farkas 
et al  (64) (65) (66) (67) 
 
Measurement Caucasian male Caucasian female 
Sample size 109 109 
Head   
tr-n 70.1 mm 63.3 mm 
Inclination of 
forehead 
-9.8° -5.9° 
Face   
tr-g 57 mm 52.7 mm 
n-gn 124.7 mm 111.4 mm 
n-sto 76.4 mm 69.4 mm 
sto-gn 50.7 mm 43.4 mm 
sn-gn 72.6 mm 64.3 mm 
zy-zy 144.6 mm 136.2 mm 
go-go 107.3 mm 102.3 mm 
Orbits   
en-en 37.6 mm 36.1 mm 
en-ex 29.4 mm 28.4 mm 
ex-ex 91.7 mm 87.3 mm 
Nose   
n-sn 53.0 mm 48.9 mm 
al-al 34.7 mm 31.4 mm 
nasal bridge 
inclination 
30.4 + 3.6° 29.9 + 3.9° 
nasio-labial angle 99.8 + 11.8°   104.2 + 9.8°   
nasio-frontal angle 130.3 + 7.4°   134.3 + 7°   
Labio-oral region   
ch-ch 53.3 mm 49.8 mm 
Ear   
sa-sba 62.4 mm 58.5 mm 
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9.2 Chinese soft tissue norms 
Table 9.2.1: Soft tissue measurements for Chinese males and females by Farkas et 
al (67) 
Measurement Chinese Male Chinese Female 
Sample size 30 30 
Head   
tr-n 67.1 mm 64.1 mm 
Inclination of 
forehead 
-13.7°   -9.2°   
Face   
tr-gn 187.3 mm 176.2 mm 
n-gn 123.6 mm 114.9 mm 
n-sto 78.2 mm 71.8 mm 
sto-gn 53.4 mm 47.2 mm 
sn-gn 72.8 mm 66.4 mm 
zy-zy 144.6 mm 136.2 mm 
go-go 107.3 mm 102.3 mm 
Orbits   
en-en 37.6 mm 36.1 mm 
en-ex 29.4 mm 28.4 mm 
ex-ex 91.7 mm 87.3 mm 
Nose   
n-sn 43.8 mm 51.7 mm 
al-al 39.2 mm 37.2 mm 
nasal bridge 
inclination 
27.2 + 3.5°  24.5 + 3.6° 
nasio-labial angle 86.9 + 12.2°   88.5 + 11.2°   
nasio-frontal angle 134.5 + 7°   135.6 + 4.4°   
Labio-oral region   
ch-ch 49.6 mm 47.3 mm 
Ear   
sa-sba 60.7 mm 57.6 mm 
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9.3 Systematic electronic search 
Table 9.3.1: Search terms used 28-6-14 in Google scholar, Medline and EBSCO 
 
Population Interest Context 
Racial 
Race 
Ethnic* 
Racial/Ethnic 
Ethnic/Racial 
Chinese* 
Caucasian* 
African* 
Oriental* 
Asian* 
Black* 
White* 
Hispanic* 
 
aesthetic 
esthetic 
appearance 
attractive* 
perceived need 
perceived benefit 
perceived aesthetic 
self-perception 
self-perceived 
self-awareness 
perception 
soft tissue profile 
profile* 
facial 
face* 
differen* 
disparit* 
 
orthod* 
dental 
dentofacial 
fixed appliance* 
removable appliance* 
dental brace* 
occlusion* 
occlusal 
malocclusion* 
cephalometric* 
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9.4 Ethical approval for this study 
  
 
 
 
17th March 2015 
Dear Dr Flannigan 
I am pleased to inform you that the ILT Ethics Review Group (staff) has approved your application 
for ethical approval.  Details of the approval can be found below: 
Ref: 201502189 
Title of the Research: Clinicans’ Perception of the need for Orthognathic Surgery (is a surgery to 
correct the condition of the jaw or face related to structures) in Patients of Different Racial 
Background Presenting with Class 3 Skeletal Discrepancy (class 3 is a skeletal disharmony patients 
present with small upper jaw or big lower jaw) 
PI: Dr Norah Flannigan 
Title: Senior Clinical Lecturer 
Student Investigator: Dalal Alrashidi 
School: Orthodontic/Dentistry 
First Reviewer: Trish Owen 
Second Reviewer: Ben Shaw 
Date of Initial Review: 04/03/15 
Date of Approval: 11/03/15 
 
This approval applies for the duration of the research.  If it is proposed to extend the duration of 
the study as specified in the application form, the ILT Ethics Review Group (staff) should be 
notified.  If it is proposed to make an amendment to the research, you should notify the ILT Ethics 
Review Group (staff) by the Notice of Amendment procedure.  If the PI/Supervisor leaves the 
employment of the University during the course of this approval, the approval will lapse.  
Therefore please contact the RGO at ethics@liverpool.ac.uk in order to notify them of a change in 
PI/Supervisor. 
 
Best wishes and good luck with the study. 
 
Jennie Jebb 
 
Jennie Jebb 
ILT Ethics Review Group (Staff) Secretary 
 
E: jjebb@liv.ac.uk 
T: 0151 794 8753 
CC:  Dala Alrashidi 
Dr Nora Flannigan 
Senior Clinical Lecturer 
Orthodontic/School of Dentistry 
University of Liverpool 
 
 
 
  
School of Medicine 
 
 
Faculty of Health and Life Sciences 
Cedar House 
Ashton Street 
Liverpool 
L69 3GE 
 
T: 0151 795 4356 
F: 0151 794 8763 
W: www.liv.ac.uk 
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9.5 Invitation letter (web-based version) 
     
Department of Orthodontics          
Liverpool University Dental Hospital and School of Dentistry 
Pembroke Place, Liverpool  
L3 5PS  
Invitation letter 
 
Dear Consultant, 
 
I would like to invite you to participate in a questionnaire about “The perception of benefit from 
orthognathic surgery”. It includes silhouettes of patients of different racial groups (Caucasian and 
Chinese).  The questionnaire asks you to spend no more than 30 seconds looking at each 
silhouette and then answer the following questions: 1) “Do you think that a patient, presenting with 
this profile, would benefit from orthognathic surgery?”; and 2) How do you rate the level of 
attractiveness of this profile?  
The questionnaire is anonymous although a code will be used to allow us to send reminders to 
those who have not responded. The codes will be kept by the research team for this purpose 
alone, and will be destroyed once the data are collected. I greatly appreciate your help with this 
investigation. By reading this letter, and completing this questionnaire, you are consenting to 
participate in this study. 
Kindest regards, 
 
Dr. N.L. Flannigan   
Senior Clinical Lecturer/ 
Hon Consultant in Orthodontics   
Liverpool University Dental Hospital 
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9.6 Invitation letter (Paper version) 
   
National Orthognathic Surgery Survey 
Invitation letter 
 
Dear Consultant, 
I would like to invite you to participate in a questionnaire about the “Perception of Benefit from 
Orthognathic Surgery” which is a part of research dissertation associated with the DDSc 
programme at the University of Liverpool. This study includes computer-manipulated silhouettes 
of patients of different racial groups (Caucasian and Chinese).   
I will kindly ask you to spend no more than 30 seconds looking at each silhouette and then answer 
the following question:  
“Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery?” 
I understand that in a real-life clinical scenario, the decision for surgery would be based on a wide 
range of records, but for the purposes of this study a distinct yes or no answer will be required.   
The questionnaire is anonymous but a code is used to allow us to follow up those who have not 
responded. The codes will be kept by the research team for follow up purposes only, and this will 
be destroyed once the data are collected.  
By reading this letter, and completing the questionnaire, you are consenting to participate in this 
study. A paper copy will be sent within the next 6 weeks, if you would like to fill in the 
questionnaire online and do not want us to provide you with a paper copy, then please tick the 
following box and send back to me: 
☐ I would like to fill the questionnaire online 
☐ I would like to receive a paper copy of the questionnaire 
☐ I do not wish to take part in the questionnaire  
We greatly appreciate your help with this study. 
Kindest regards, 
 
Dr. N.L. Flannigan   
Senior Clinical Lecturer/Hon Consultant in Orthodontics                                      
Liverpool University Dental Hospital and School of Dentistry 
Pembroke Place, Liverpool  
L3 5PS 
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9.7 Reminder letter (Paper version) 
    
 
National Orthognathic Surgery Survey 
 
Reminder letter 
 
Dear Consultant, 
Thank you very much for requesting a paper copy to participate in a questionnaire about the “Perception of 
Benefit from Orthognathic Surgery” which is a part of research dissertation associated with the DDSc programme 
at the University of Liverpool. This study includes computer-manipulated silhouettes of patients of different racial 
groups (Caucasian and Chinese).   
I will kindly ask you to spend no more than 30 seconds looking at each silhouette and then answer the following 
question:  
“Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery?” 
I understand that in a real-life clinical scenario, the decision for surgery would be based on a wide range of 
records, but for the purposes of this study a distinct yes or no answer will be required.   
The questionnaire is anonymous but a code is used to allow us to follow up those who have not responded. The 
codes will be kept by the research team for follow up purposes only, and this will be destroyed once the data are 
collected.  Please choose one of the following options: 
☐ I would like to fill the questionnaire online (sent by Ann Wright on 03.06.2015)  
☐ I will complete a paper copy of the questionnaire (enclosed) 
 
If you wish to be removed from the mailing list, please tick the following box and send back to me: 
☐ I have already filled the questionnaire online  
☐ I do not wish to take part in the questionnaire  
 
We greatly appreciate your help with this study. 
Kindest regards, 
 
Dr. N.L. Flannigan   
Senior Clinical Lecturer/Hon Consultant in Orthodontics                                     
Liverpool University Dental Hospital and School of Dentistry 
Pembroke Place, Liverpool  
L3 5PS  
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9.8 Caucasian patient profile 
Figure 9.8.1: The profile view of the Caucasian patient selected for the study  
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9.9 Chinese patient profile 
Figure 9.9.1: The profile view of the Caucasian patient selected for the study 
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9.10 List of silhouettes codes 
Double letters were assigned to every silhouette to be easily identified and referred to it 
in the study. These codes are listed in table 9.9.1 and 9.9.2. 
 
Table 9.10.1: Caucasian silhouettes codes used in the questionnaire. 
 
Caucasian Silhouette code Silhouette size 
AS Maxilla moved posteriorly by 2 mm 
MF Maxilla moved posteriorly by 4 mm 
LR Maxilla moved posteriorly by 6 mm 
MH Maxilla moved posteriorly by 8 mm 
SM Maxilla moved posteriorly by 10 mm 
FS 0 mm 
AM Mandible moved anteriorly 2 mm 
EW Mandible moved anteriorly 4 mm 
RS Mandible moved anteriorly 6 mm 
MA Mandible moved anteriorly 8 mm 
NS Mandible moved anteriorly 10 mm 
 
Table 9.10.2: Chinese silhouettes codes used in the questionnaire 
 
Chinese Silhouette code Silhouette size 
SR Maxilla moved posteriorly by 2 mm 
GR Maxilla moved posteriorly by 4 mm 
MT Maxilla moved posteriorly by 6 mm 
SH Maxilla moved posteriorly by 8 mm 
SC Maxilla moved posteriorly by 10 mm 
FM 0 mm 
DC Mandible moved anteriorly 2 mm 
DG Mandible moved anteriorly +4 mm 
CD Mandible moved anteriorly 6 mm 
MS Mandible moved anteriorly 8 mm 
ZA Mandible moved anteriorly 10 mm 
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9.11 List of random order of the silhouettes in the questionnaires 
The random order that was generated for Caucasian and Chinese silhouettes using a 
website called List randomizer (96) listed in table 9.13.1 and 9.13.2. 
 
Table 9.11.1: Caucasian silhouettes order used in the questionnaire. 
 
No. Caucasian Silhouette 
code order 
Manipulation size 
1 LR Maxilla moved posteriorly by 6 mm 
2 MH Maxilla moved posteriorly by 8 mm 
3 NS Mandible moved anteriorly by 10 mm 
4 SM Maxilla moved posteriorly by10 mm 
5 MH duplicate Maxilla moved posteriorly by 8 mm 
6 RS  Mandible moved anteriorly by 6 mm 
7 MF Maxilla moved posteriorly by 4 mm 
8 EW Mandible moved anteriorly by 4 mm 
9 AS Maxilla moved posteriorly by 2 mm 
10 MA Mandible moved anteriorly by 8 mm 
11 RS duplicate Mandible moved anteriorly by 6 mm 
12 FS Silhouette without manipulation (0 mm) 
13 AM Mandible moved anteriorly by 2 mm 
 
Table 9.11.2: Chinese silhouettes order used in the questionnaire. 
 
No. Chinese Silhouette 
code 
Manipulation size 
1 ZA Mandible moved anteriorly by 10 mm 
2 GR Maxilla moved posteriorly by 4 mm 
3 SC Maxilla moved posteriorly by 10 mm 
4 ZA duplicate Mandible moved anteriorly by 10 mm 
5 MS Mandible moved anteriorly by 8 mm 
6 CD Mandible moved anteriorly by 6 mm 
7 SR Maxilla moved posteriorly by 2 mm 
8 GR duplicate Maxilla moved posteriorly by 4 mm 
9 FM Silhouette without manipulation (0 mm) 
10 MT Maxilla moved posteriorly by 6 mm 
11 SH Maxilla moved posteriorly by 8 mm 
12 DG Mandible moved anteriorly by 4 mm 
13 DC Mandible moved anteriorly by 2 mm 
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9.12 The questionnaire 
Please complete all sections below: 
Section I: About yourself 
 
 How old are you? 
 
 What is your gender? 
o Male 
o Female 
 What is your ethnicity? 
o White British 
o  White Irish 
o Asian Indian 
o Others (Please 
specify:……………….. 
o Asian Pakistani 
o Asian Bangladeshi 
o Asian Chinese 
o Black African 
o Black Caribbean 
 
 
 How important do you think it is to have an attractive facial appearance? 
 
Extremely 
important 
Very 
important 
Slightly 
important 
Neither 
important nor 
unimportant 
Slightly 
unimportant 
Very 
unimportant 
Extremely 
unimportant 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Section II:  About your current profession 
 
 Specialty: 
o Consultant orthodontists 
o Consultant oral and maxillofacial surgeon 
 Which UK Region do you work in predominantly? 
o Eastern 
o London 
o Mersey 
o North Wales 
o Northern 
o Northern Ireland 
o Others (Please 
specify:…………... 
o Oxford Group 
o Scotland 
o South East 
o South West  
o South West Thames 
 
o Trent 
o Wales 
o Wessex 
o West Midlands 
o Yorkshire 
 
 How many years have you been a consultant? 
 
 How many orthognathic patients you treat each year?  
o 0 to 5 
o  6 to 10 
o 11 to 15 
 
o 16 to 20 
o 21 to 25 
o 26 to 30 
o more than 30 
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Section IV: Please complete all the questions below 
 
 
Silhouette of an adult Caucasian female 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Caucasian female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Section V: Please complete all the questions below 
 
Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic 
surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female  
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 
| Chapter 9 -- Appendices 122 
 
 
 
Silhouette of an adult Chinese female 
 
 Do you think that a patient, presenting with this profile, would benefit from orthognathic surgery? 
 
o Yes 
o No 
 
 How do you rate the level of attractiveness of this profile? 
Extremely 
attractive 
Very 
attractive 
Slightly 
attractive 
Neither 
attractive nor 
unattractive 
Slightly 
unattractive 
Very 
unattractive 
Extremely 
unattractive 
☐ ☐ ☐ ☐ ☐ ☐ ☐ 
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Thank you very much for your time 
 
 
 
 
